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fmbli’ 4 ic*l 4 i 1B41, m it cciriipiitiitiii 
ff A^nmnJm^ 0 >mk% Diuwm tlividiitl 
iiilw tfiice itr^al cliisi^s,. nf i»i| hmmvett 

?ii 1I1C ifm^ aiitl each iiii!cc«rli ilm oilier In 


* Inttpng^t&V (Fig. 1), K«^nrr4lly stirrtisiiids or skirti 
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gf««t itmtifi III ciwitiiitiik aiid iii a of ikalkw w#iitf 

it iiid ill* slior® m4 a gtoil^ uloping ica^fjcd m ii» 
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ilm lilaiiiliii tlii lil«i, llii Ffkniliy bki, 

lilt Mmignim iti« Miw awl aio 

itiiitgffiii lit* ii«i tf tml I arc mmmm lit ilic 

lirtl if-fl Imili iii Miid AraNiii m4 ility 

P^nn A fiiiiii ili€ iOMitern talrcwiiy of ilie |»rtiiiiOfi* 

iiiff ef Flfifitk* iwftiiifitl tlit Mmd%^ m4 »ktfi 
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m Ih^ir |ierit4 nf grtHvili, miili .i tcMili ilm% be 

rroiilidcfi llirit tl uke t,mm m |r.ir% lut tutnl t*'! 

gftiw ii|twaribi Imm t% *l«p|jih nl %e%^rn 4ifL'i<"c 

of llie ifet ; ilii^ r.innot, linwrvrr, fir iiijivri'aliy 

applk'iyr, iifice iln?ir «f i:r«»ili tUihtn ni sbn^’iriii :iWti| 
iiiitl ¥arks acc*iir«i3ii|| m Itic Tlm% lor riiiffi|ik% nfi 


Ciiilii ilieiff \ii%% m mctmuimn m tmm to a mpm of ii**u iwi 
fin tier cpp|«r Ii0ii«iin m ih^- of ilic ilii|i 

wliicli fmmtl crmirrl cpi.il, ii f«t:k>iictl 
Ibab iwpi'in^lni* llin rnral in roftii 4 f*iirri| 

ifirifi as lli^ iltip ir?iictif4 flit* lioiiom, ilie c«iiW n.'il 

Iiceii iiinrt ilian ilirfi* mrhf% m a •nine 

ctifiib liai*c licfn plaine4 on itie r:©aii, ami ilicic 


l*ai;ifir* mhtm llity fmm llit gtrai liarr*rr*r«i:l «fi i'li« ii»rili*ta'it 
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Lfst i 2 xrim|ili: «!' rei*f Ims bc^n comparr4 Ijyjiikefi* in 
great siibriiariiic wall cir terrace, frafumg llie wliirk fiiirlli«east 
roast of Aiislraliai resting ai each end on thallriw water, IjiiI 
rising from very great deplhf abotil lire ceiiirc ; In ii|i|’>€r 
iiirface foriniiig a plaicait tmw.tl by to to 3<> fai.liciitw iif 
water, litil stiiflcled til over wiili «iiee|»*side4 block dike 
wliicli rise iip to low water-level I’bcse mumm are e?i|teditlly 
miiiiercMis, nnd most linear iiUmg tlie edge of ilie grcti batik 
tMi wliicli they rest; tlie fias^ntge Imiwmm ilieni being cifieri very 
narrow, like regtiltr embritsiirrs opened liere and ilicre iliroiigli 
llie parallel wall of a fortress, llmw ‘iridividniil reefi^ 
rttniilfig aionf ihe cmicr edge prmeri ilte coinptraiiifrly iliiilliiw 
water iniiclct «itb Ibe niimemiif mntr retfi tliai art 
icatitrcil fivtr its space nnrika it one great itainriil birbewr.* 

The lliird Iasi cbwa, or *atiiir (Fig* Jb iia« tlliplkal»otaI 
ar rciaindbb ring of cot a I, wiili here ami llicre it lircak in In 
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sounding-lead, at a distance of 2,200 yards from t 
sinks to a depth of 1,200 fathoms, while the lagoo 
two to seven fathoms deep. ‘ Such a basin with 
channels through the reef— affording (as many 
room enough for all the navies of Christendo 
anchor — supplies the very perfection of harbour ac 
even though the surrounding reefs are so low that 
the breakers outside will dash over the massed wai 
this lagoon marine animals of all sorts — includir 
pre-eminently sharks — swarm : but it is seldom 
disturbs the water with its smooth, glassy 
curiously enough the openings in the reef are a 
leeward side, that is, m the one least exposed to t 
winds, so that while a ship has no difficulty in § 
sea, it sometimes happens that it does not find an 
the storm so easy.’ The commonest localities for 
Indian and Pacific Oceans, Stewart's atoll (F 
Solomon Islands, and the MenschikofF Island ma 
typical examples. 

Before Darwin wrote,, it was universally believ 
atolls were formed by the coral polypes growir 
merged volcanic craters. This theory finds ex 
support in the second volume of Lyelfs Prindph 
a book which was published in 1832, and which 
It is known that he procured the first volume ( jusi 
at the suggestion of Henslow previous to his s< 
the voyage of the Beaghy which started from I 
December 27, 1831, and probably, too, that kindl 
sympathetic friend and teacher forwarded him 
volume as soon as published. But wbatev 
may be, it is evident that Darwin was acqi 
the prevailing idea, and that his acute and pene 
discerned at once its weaknesses, for he tells 
AuioMogra^Jt{y that the main features of his 
conceived while on the voyage, and ihaitvtn previi 
'a true coral-reef.* ‘No other work of mine,* he 
^ Xdfe and iMiers of Charles Darwifiy 1888, voL i 
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begiiii in so tknitir.iivc a spirit m thin* for lli« wliole llieory wii:i 
itioiiglil otil oil Ihe west ciKisl of Hoylli Aiiici irat beCtirti i 
seen n true corai*reef. I b.isl only in verify atifl ftiicii4 iiiy vicirs 
by II ciirefiil cxaiiiiniilioii cif living rrefn. Biil if ^lioiikl lie 
observed iIkiI I liiicl dtiriog llic twa previoii^i iictri 
siiiilly attenfliiig tn the effects on iIh* %hmm of HimiIIi Aiiierit'ii of 
the ifileriiiiiteinit €le%*;iiion of lli« ingeilier with 
and tlic depctiiliofi of seflinicini. 'rids nerefisarily kcl trie to 
reftccl on the cflecta of iiilnidence, mid it wm easy i« 
replace in imiginaiion ilic coniinned «!epoiiiioii »! ficilittierii by 
the ijpwifil grewlli of crirais, 'fo do lids was Iti form iny llieory 
of III® formtibii of barrier-reefs and aiolli/ C«iii|tlrd wiili 
Ilarwl% ai Is manifeiled by bti work, nlio saw ibal, in Inriidng 
any theory of ihc gcnetli and devciopiiieiii of coritbreefii mit 
only iiiiisi lit® nattir® of iha platform tin wfiiclt the coraii litiild 
l>e tiilcen imo accoiint, bai ihai oiher factori, of m er|«iilly gteiii 
ini|»r!afice, come iiiio play and miisi bo rtekoned, iwiably, 
file peculiar contliiicmi of lb® life of ili® cnral-polypK^s ibrttisclwi* 
and tilt pciiiiar, mntli ih«i, ineipikabk diiiirilmlfrni of iltn reefs 
and lie Siw more clearly ilinn Ids lireriirnrirs lad 

ciofi® ibc vitliclily of llie dkiiim of Joliaoties Molkr, in lliis and 
Indeed in .all Ids works, ibat lb® inoii imp«irbrii iriiilw k% 
Kaittral Hcicrirc are to Im ditcovered, by ilic mere 

aoalysli of plidofoplikul kkai, nor by by 

whld% 4mmgumhm froiti flit 

aciidciital in ibe phtmifocna tibtervcd, ami ibn* linik iifinilplffc 
ftoni wlikli fiMiif tipfltnctt mn be dtriveil. 

The cowditlofii occtisaryfor lb® pmimt cofiliriiiiifi^e of lb® 
organic life of these polypi item lolm it itiitperatiif® wld* h i'« 
not lower ihaii68T% the preitnceof clear ivaitr, attil a 1101 
cxcctfiiiig iwrniy fathoms. They nkocantwl snivive rj||t»i%iitr 
III the siiii aiifl iiir, aiitl llnis are wnabk lo flmifisli iiiilrts iltr iftp 
of the fe®f Im lieliiw the mark of the lowtsi tides, 1 ||ii% irrM 
are alBcm firwn ili® WcmiCoasi of Ammka n k m4%i^rd 

by a fxtriMfopiral ciirfcni | they are not loiifiil «♦ ilir, 
bfinlli Albiiiiii. htkmm lhal oceaa b not wiildn lirnr 

and llicy are aot pttiittt 00 ilic tliwfii «! Iific^kd 
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or the norlh -eastern roa-.t of Sfttth Amoin hiui’c UJ: ai*’ m 
the nei^jlibourliorKl the mnutl^s ef rivers whuJi lariig 

down a large arneuiU of mnd atrd oilier Miv.prra'Ie-fl rnaitrr* fioia 
the land 

Reasoning on these facts, and iv.ili tin* rvidroirs of 

subsidence, obtaitied hy reaciing and tiliservaiifin cai tlie Honlli 
American coast, Darwin runccivcfl ami iriitinrd fhr t.briiry 
which is set forth in tin* Micrceding images, lirrdv, this lljcory 
is as follows That as the pidypes t ar;«o! hvr? ladow a 
depth of too feet, and are killed by r%pn’~nt^: u-t •anrddm:; 
and air, and cmdd not tlii:refore have ginwn upwanl froni 
those vast tlepths to which the coral • in, r r%!viid ■ r-irli aifill 

began as a fringing«reef, then herame a baruei'-irrf, ai;d a! Iri'a 
appeared as a ring of coral with a ceniral Iag«--c4’i, owirrif ici 
a slow but progressive sulrathnir'c of tlir -aio rci wbif.li llie 
polypes first began to bnihi If, on ibi’. view, a fringm.}:“rrrf lie 
formed round an island (Fig 4» period,;; betwern the 
level and the 2o*fiahom ljnc% ami then the ivhiinl gnohially 

hM'it. 'SC . -'JC 

il.P ^ ’ ■ ■ 

I.P ’ ■ ' " , - ■ - ■ 

Fio. 4.*— l'r*rwhi% thsfHisf)* fr,fii 54 ie,,fj r*| iIip i J-i >4 *■ '>r4l 

lUmfn, 

Mrst thu p-tC-:4, Ojo ll'O-?** f IC.-rf , i|«nl 

die Altilk 

sink deeper into tin? sea, it la, a, the r-haiidj wdl have h*-. 
smaller, and the channH lMilwjt?eri il aral lim irri wndrr ; die 
fringing-reef will in time have heronv'' rhaiigrfi infn :i Iciiimr- 
reef (Fig. 4, and period ), provided lb at ibr |»‘b;|r-, grri.v 
upward at a rate which keeps pace rviili the flrpf 
another gmdual subsidence of the bland taking pltt and lie 
coral growing upward as fa^l m llie %n/K\ flowftiv.inl, 
there would at last result a more or k:c# rd icA 
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if 

with a riflitnil *4 4 . ;sd 'Hii- 

IjarriiT-Tt’ef h;r* im ihVM, * h% iht* ii.ar.pir, rsl ;i 

rri!! Iliir* llu‘ wav#* . #1 i'-Ji ami hrrah nil |art»" . <4 

and !a*.i|> the hruhnn in;n-r\ npnn i!'i MSifa^^a '-’■> bai' j’-t 

.i!.ir:n #: l.hi! Itawaair |l•\l.'l. '1 la* iuaiMuty mI fla’ |*M]y'|H''*i 

da’ ; *hfil flit! wav#- • rr^af-Uiar In jal#’ np rai fhr i^rf^ ’.aiai, 
lifLId’- N, and lnf'»kr|j ma'.'-ra #4 # Mral, -anr nf Ua' !ii:raa*'. brarij: 
iwtj hi thmi* Insndird i;iria: la %na% aiarl a ladfl #4 

I’lK'l;'* !l♦a:fur» to ;i’'4a%'U’ aJjaif* il't* W'avff. a hrar || r, 

bMiiif'il; aial lli<* bank f»t *<H.d lanv narnly ah'jv»' ili*' 

!;mr:arai’a |4..m*r''l da* »Aavr ’, wiih "-^-a hut nr -.rrsl'i, 
l'railin ’4 :dirisb‘i a|#riii:a iny ; and ahrr-.vatfli, av 111#* %uil 
fKiims anti iwnn tra* l^^rn-'i,!^, and dm rfifalada'al 

ur aif.ill finlli ri!ihlir*ld 

Fnr iiiriny ytsit't yf*»i!r»y !’,*■» 5n5iivi?r*a4lly afta’idrtl dr* fjrnprai 
vahflily *-4' llara in’', *1 h” ann* nf ilr^'iriiil *irrtiri l#i 

Lavt! Ir-rn -•nnfa'b'd in wijrii laf^r-.^rn- b*’in|>rr lailili-di*-*! aii 
arlhdm* tm llsr 1‘rlf.nv I %laia';'>, wFij h arr af ihr 

rifmi'i'ily td thr. Chiftdirjr An and -'alnnh ,ip|jr.ir.<*r| in 

liint in nlinw rvidriirt* nf rdrvatt-oin ta^hrr ihau *'»f ’.nh’.. 

It i‘« a Hiyri'ihrant fa*:! iha! at dn* ’anidirsa rn*l nf ilir 
!tjnr€' rara‘4 rnral -ffn-r. fnaa hi .lad 

ah?*') :t'j rJand 'Ahvh v% rfiHirly- nf w’hdr 4 ! tbr' 

laalhr n fiiily nnlr‘-i dn’an?, fimir ai-r imr 

aadl*,. liarAJii^ lH»ivcv«?r» ni %hr A|*|mti4r-? t#i iiri nriraid 
cnhaifiH, pnlilHlird in sHy 4 , r«'|4irrl iliai lir 4?fl ina iliiiik 
iLr'.n tandh-mir-* wrrft nmn|»rt;il4r by hr* ihmiy, and il'}..il 
ilify tih|d,i !m rifiiiiirmd «ai llm tlnti I'ir" iilirtlr 

r!ffij|i laf| nrsjniially ilmn ’* |j- ‘■>h4hly 

a”’ li r diaf ♦-dmn tlir rrrln^ I#* dm raifdi fsn|4ri| 

and am? ainda a.Msa il*'|a-^‘';4rd. * llir r *r an/ -i anif 

Laiihn irt-h in r hi.r i-. rrsatr-!^"4lv nyl t.|#n4r.rd ri n,y 

^’irvr . O'i iIh’ rahrr harr-h llm lar'mmrof rrri-i thr 

nwillmia rdaial'^ iv ri|i|ifr.,%r«l |h nsy vir’a '4 ;ri visrb irrf?i grrm dJy 
m>lh a?*' f hill *.br l4?|il iiaB rdimi b*riy friniinird ri b*fa 

Vn;n npirih^'d, ii my‘4, boiftr m iwfid i ''midmd 

* /* I li&J, Iki |. -I,,. 
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in our sixth chapter) that when the land is prolonged beneath 
the sea in an extremely steep slope, reefs formed there during 
subsidence will remain closely attached to the shore, and will 
remain iin distinguishable from fringing-reefs. Now we know 
that the submarine flanks of most atolls are very steep; and if 



Fio, 5.— Hadrepore {Gfowiopora columna, Dana). Natural siza 

an atoll after upheaval and before the sea had eaten deeply 
into the land, and had formed a broad flat surface, were again 
to subside, the reefs which grew td'the surface during the sub- 
siding movement would still closely skirt the coast/ In this con- 
nection, Darwin’s letter to the same observer is also interesting 
and instructive ; he had received from Professor Semper the 
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pfirlinn of flit! of hh hook m% Anima/ fJf? ii'litrli 

rdai<:fl to crirak.^ (llm hook wan afirtwiirtln ir4ir4aii^tl in ihr, 
Internaiiotial Scieiilific Serkn.) ‘Ha! leitwr^ h ihilril ‘llowiii 
October 2^ 1879/ and t%m% tliof. : - ■ * %lf dear Profennor htiii|rri 
■-*1 tliank you for your e^Eirciiiely kind kiter cif llie to*h« anil 
for ilic proof* I hcliev*! iluil I iiinkinuinil all, exio'iiiiii}; 
one or two senlencm, rny iinpcrfrcl knowlcdi^e of C ieriiiaii 

lias interfered, Tliii is luy ami poor ei«r«ie for the iittniake 
wliicli I iiiacie in Ike second edition of iiiy C&mi hit**k. Your 
tccoiinl of tlic Fekw Islands h a foie atklihoii to oiir 
on coral-reefs, I liave very lit lie to ^ay on die ercfi if I 

hat! Ibrintrly read yoiir accotint and yonr inafw, titii had 
known nntliiag of ilit proofs of recent ekvaiion, mid rif your 
belief dial die isliifiik have noi since tiibikledi I Itiive titi 
doiibl that I ?dioiilil have conulikrcd Ihttn m foririeil finriiiif 
siibsidencr. Ihii I tdniidil have Iprcii miicti lioiilifed in liiy 
mind liy ike nr»a isof bring ‘*0 drrp m it iHtialiy is rriiifid 
atolls, mil liy die rrrf on one sitie shiptiig 10 iiniiliially 
beneadi ike *ie;t ; for ihh laiier fact, nt for m my iticfiiory 
serves nit, k a very nniiioal iinil iiiiparalickri cane, 

I alwayi fnrtfiaw ilial a hmk m the iiroper depdi lieoiiidi ili!* 
iiirfore wciiilcl give rise in ;% reel whidi cotiltl #wi I* 
gniihcil from iiti moll formed diirifig sidi^itlnire, I .ttnwl siiill 
ndlitre 10 my opinion, that dit aiolfe ami liiirrkr'teefe in die 
tnlcWie Ilf Ike Ifocific and indian Ckciiia imikiite swlwideiife, 
liiil I fiiliy igrti with yon dial aiicli ratcn m iliai of tlif IVIew 
klamli, if #f at all im%mm m€mmmm twalie itiy 
ciinciiifions of mff litllt vtlttt^ Fiitnr# iiliafmrt mtini ikcnk 
teiwten m* ll will lit t iifinge fact if tliere fiat imi iKifii 

I In f|i«* ofiglfial iffliifon of Ihk ifook, Ttofe-iw frfrr* to ilir 

tiiti|#ct m ctifiihr^tfe in ih« followkf mmk Ei tchriifi mi# **ti 
rr in ilrf iweiteii »||grit»cl« Wrik* 

ICf#fAlictsrife fiftrti Itfihiiiwi nl^r nmkm mm Iij4rt 

jhf^ Ififfefw «f fim ich ilfeollr^^s hhlirt 

ti«r ««!?# Iwf fciiilffw liilte, 

* /#/# »fCkmk-$ voh Ilk p, ill 
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subhidencc cif ihe hctln n( the grtal fiiXMiiS, J linn 
affected the formic c)f ilie coral-icidk’ llie n-eumd rmi^ 
dissent was sounded in 1K70, when J. j. Hein* m 

observations on the l*eniiUf!a Islamls and coimflried tliai | 
could bo explained on the j^roiindn of an ininrdroi iipwairl 
accumulations of cakarcom seclinierii itmn llio 
this contribution to the subject Darwin did iit 4 iio'otioii ia 
second edition, ami, probably, it escaped hiiii : ii lumm 
been contiaclicted !>y the more recent ob'*»ervaiiofi!i of hrofei 
Rice in 1SS4, and i*r0fes«jr neilprin in iEK% 

The greatest contribution to llm cmitmTt^y |j 
rendered tiy Dr. J. Murray, who, after iiis rcliirii froiii 
Chalien^er Expedition (to whirli he acted as naliir;ili‘ii), ri 
on April 5, iHHo, a papar'^ before the Rciyal Hociely nf Ivtliiilni 
which has entirely ravoliilicmised llic ncicfiiific cwiirepii 
coral-reef fornmiion, and niodifictl to nci iitiali tiegtt’c in 
minds of thmkhtf^ geologists the Ihemy wliidi Diirwiti | 
mulgated of the polypes byiltiing reels lui artai of intisidei 
He has pointed out that !Kirrier*reafi do mil by iliitniel 


secreted by the polypes in the exact ioi:alify wlirre liiry 
now foiiml, and on a bed which lia#l iiinlrrijoite ilr.|itr*s% 
He hai linttier shown tliai tho^e islan*ls whith an* friiigr/| 
reeff do not give any evkkncri of gradual ' 
moreoveri stales tliai, in lii;i ofiinioii, %vr»rr ilii^ pLiiloiiiiij 
which the reefs are built, rminanis ©f 11 pre'C^iMcfii cofilifi 
which lias been iubmerged heneaih the ihen it 

be exfstcled 10 ind traces of iirala, oiiier lliaii volcanic, 
diclr ianlcs t and this It h known ii iioi ilic %li 
III© only rocks found are lavii iiiid iwfa% Aiptiii, if ii 
wcihkiiowii fuel that wkanic iciioii htlirs pkie m 

* Heiiekinhurg, Cm/M. i»>i 70, p, 1^,7, 

® /*m^ AV» Mdimf 1^, p, |o|; md Aniik ' 

IMimmimt ml xtili |»p* tp). 
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sc;i-1k!c1, wt:ll as on land, and that sometimes new islands 
are erupted, and sometimes submarine peaks. Thus islands 
like Ascension, St. Paul, Amsterdam, and Reunion were, it 
is civiclent from their petrological texture, formed in this way, 

and, indeed, in cmc of them Reunion— there are still two 

volcanic veritH which from time to time throw out molten rock 
and cinders.^ Kina and Vesuvius, it is also believed, originated 
as submarine volcanoci on a sea-bed which was afterwards 
cle%"aied f and in the case of tl c Islands of Santorin and 
Tliracia, their sfruciiu'e consists of trass, scorim, and lava- 
sliceti overlying marbles and schists. Indeed these two 
islands form the rirn of a vast volcanic crater which descends 
for 1,278 feel Irelow the level of the sea. They are the ‘outward 
and visible sigtii'* of an immense submarine volcanic peak 
wliicli, geologically speaking, has been elevated during later 
tiroes, since, on iliem, Von Frilsch has found in several places, 
lip 10 an ahiiude of nearly 600 feet above the sea-Ievel, marine 
ilielis belonging 10 species which are now living in the sur- 
roiiiifling ocean. Fouc|ud, who has studied tliese islands more 
cloiely limn any other observer, has arrived at the conclusion 
thai ‘the volcano formed at one time a large island with 
ivficnkcl slopci, and a somewhat civilised human population, 
ciillivaiing a fertile valley in the south-western district, and that 
la fireliiitork fiineri the tremendous explosion occurred whereby 
the centre of ilie klanci was blowro oiit.^® Many more examples 
may te ffiuiwl in our geological lext-bookt,^ 

It is on iticli plmforfiii m these that Dr. Murray would have 

^ Dfiscli® ill Mm’iAi dir A'. El GmL Eikhsmstadi^ 1875-18761 

dm Vllfiln, la 1884. 

3 vofi Wiilierilwiiien anti A* von Dssaulx, Dir Aiim^ 4to. 

Vfil ii. |i. 137. 

* 0 tiiipifc on flic Miitjcclj Frituch, Z, DintuL €ml xxiil., 
ll/t, fip. lasaij i Foar|ii#g Smditm ii s$$ Paris, iSSoj 

Cklldr, l,.ondtiri, iSi|, p. 235. 

< Such a*t Jikcidlrowiis*^ Pkffimt Freitwich’s Mlmmal 

^ TmlBmk #/ and Phillpi* Mmml of 
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m believe that corabreef^ are liiiilt. ^ WItftlirr lniill 
sufficiently high to rbc above llie midatt* nf llir :tn4 il 
form islands^ or brought up only to varying i 

eea-Ievel, these volcanic eminences lenclio hwmm fiialfurfiis 
which coral-reefs may be fortnccL’ 1 liiis be coiifcivrs ili»i 
the volcanic peak be al^ve the surfice, it will be briiiiglit ih'J 
to the lower limit of breaker aciian by the force cif the wavei,- 



fw. iltP 


wai the catt, for example wltli Graliaiii*^ Islinl ift ilie Mtill 
ranean^ wlilch arose m July liih, f8|i,is ftii 
emter, tbniit thirty twiks of the iotiflMveiitf'ii ?4iiitci nf Hii 
tel wWcIi was S0O» deatolithti liy ilit %m%m% iiniil a ii»i 

^ PM Tmfii.f lipi Mim Sm* €4§l ii* p. ft i' 

4m. dm .W ml* ixlr* 
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S€orI» alone remained to mark its former site— or if submarine 
and more than loo feet below the surface, then it would tend to 
reach the bathymetrical zone at which the polypes live by 
accumulation on its summit of the dead shells of foraminifera, 
molluscs and other testaceous organisms. Then, on such a 
peak, it is evident that the coral-polypes, growing upwards, 
would assume the shape of an atoll. The windward side of a 
reef thus formed grows faster than the lagoon-side, because it is 
on that side that the currents bring food to the polypes ; and as 
the atoll grows outward so the lagoon enlarges, owing to its 
water containing carbonic acid, derived from the decay of the 
polypes and the sea-weed brought in by the tides, which 
dissolves the dead coral and removes in solution the calcium 
carbonate of which it consists. The size of the lagoon can then 
be tiiken as a general index of the age of the reef. Similarly a 
fringing-reef may be formed round an island which has not 
undergone, or is not undergoing, subsidence and become con- 
verted by extension outwards, on a talus of its own dibris^ into 
a barricr*reef ; provided that, pari passu with the outward 
growth, the littoral side of the reef has its channel widened by 
tlie solvent action of the carbonic acid in the water obtained 
by the disiniegraticm of the dead polypes. Darwin did not 
live to bring out a third edition of his book, and was 
ihcrcfcire unable to criticise this theory which had been 
advanccij by Murray. In fact, his only contribution to tbe 
controversy was a letter^ which he wrote on May s, i88r, to 
Akianitr Agassi^ and which, m it shows in a great measure 
either liis theory had been misrepresented or his work 
liiid fioi been kIvcii the justice which it deserved, must be 
rr|tri»tltifed iicri*. The letter is as follows;— * You will have 
it'rfi Mr. Murra/s views on the formationbf atolls and barrier- 
mtl%. Before publishing niy book, I thought long over the 
view, but only as far at ordinary marine organiims are 
riitircfncd, for al iliat time little was known of the multitude 
of laiaait orcanic organiims. I rejected this view, as from 
the ilietlginfi mafle In the Mmghf In the south temperate' 
* iJ/i mJ I^iim 0 / Ckarks voL 111 p. x$3. 
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regions, I concluded Ihat ilielii, tlie siiiallrr 
decayed, and were disiolvcd, wlieii ri<4 |>^ 

deposition of sediment, and iediinenl could m4 airiiin 
in the open ocean, Ccrtiiinly, slielis, etc, wrre in m 
places completely rotten, and crumbkil into fiiinl liriwrr i 
fingers; but you will know well wlicilier lliis is iti any ri< 
common. I have expressly takl that a iMiik at lire pi 
depth would give rise to an atoll, w^bicli coiild not tic il 
guished from one formed during siibikleiice. i can, lio« 
hardly believe in the former presence of m many baiiki f 
having been no subsidence) m there arc ai«15i in ilie | 
oceans, within a reasonable depth, on which miniilt oci 
organisms could have accumulated to the itikkiieis of I 
hundred feet. . . . Fray forgive rtie for trouliling you »i 
length, but it has occurred [lo me] tlmi you iniglii be clis| 
to give, after your wide experience, your juilgiiieiit If 
wrong, the sooner I am knocked m the httd and anollil 
SO much the better. It still setins to me a nmrvelloiii : 
that there should not have been iiiiicli, and long cciml 
su|jsldence in the beds of the great oceint. I wiili 
some doubly rich millionaire would lake k l«lo hii lift! 
have borings made in some of the Facsfir mi Iniliiiti I 
and bring home cores for ilfcing from a depth of 5» tti 
feet/ 

Stimulated, perhaps, by tliis letter from Darwin, 
to work on the Florida reefs, and, in ilic next yr;ir, |«dil 
a paper* which contained the gist of his rr,r:tuhr\ |rj 
paper, he considered that iheic reefri roiihi h^-* 
by the theory of subiidence ; but that lltc finlyf r‘i Ikiv© gi 
under the most favourable conililbiii of food, 
oceanic ettrrenti, on banks witkii have Irra Imn 

btihymetrical lone by the acctJiniiiaiioii of ralrairwui iki 
‘This explanailoa,* he says, *ttslcil at li hfmt by | 
trating Into the ihlcknefi of Ih© btdi ttnrlcilyitiii the 

* A mm A^ml Arfs m$d v4. p. mtf; *rr §1^ 

‘‘Thfit Citiiiei of Iht lllalte** {Huil Mta, Mm 

mirn, ml xlf. imi 
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s€cms a fnorc natural one, for many of the phenomena at 
least, than that of the subsidence of the foundation to which 
the great vertical thickness of barrier-reefs has ^ been hitherto 
referred* He, however, acknowledges that it is difficult 
to account for the great depth of some of the lagooBS-— forty 
fathoms on any other theory than that of subsidence. 
This explanation, however, appears to be negatived in some 
rueasure by the observations of some American geologists, 
among whom the names of W. IL Dali and A. Heilprin may 
be specially mentioned Thus, the former states^ that ‘the 
coral formation obierved by Agassix in the region in the keys 
fniist be of very limited scope, as it has not been identified 
from the mainland of Florida by any modern geologist and 
ill© latter also notes® that * no observed facts sustain the coral 
theory of formation as propounded by Agassiz. They prove, 
on the contrary, that the coral tract of Florida is confined to 
a border region ort the south and south-east, and there are 
no tertiary reefs whatever.' 

More recent still than the observ.nttons of Agassiz are those 
of Ouppy,* who has spent several years among the islands of the 
.Solomon Archipelago. These observations, as far as tbeylSSn- 
cern the theories in question, may be briefly summarised. The 
island*, by the masses of coral limestone which have b^n 
(ountl on them, indicate elevation ; these upheaved reefs are 
iituated upon a basis of volcanic mud having the same character 
as that dredged up by the ChsUltn^sr Expedition from around 
volcanic Wands f and this mud envelops ‘anciently sub- 
merged volcanic peaks.' He also states that corals thrive 
best in the breaker-wash, and do not flourish in the ‘break of 
the tide-swell that the detached reefs, which are submerged 
round these islands, represent the earliest stage in reef-forma^ 
lion, and that when they have in their growth upward reached 
a height of from 4 to 8 fathoms distant from the surface, 

» Amtr.fmm. .S'ei., 30! (ter., xxxiv. p. t6l. 

» Tram. Wagmr. Imt. Sti., May, 1887. „ „ * 

• IVam. M»r- Sh. xxxli. p. S 45 » Noe, Ray. Sae. Mmm., 

*M!. p.iS7. 
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a ffhfmhififm licacl licc«ifiie» perfeclly solid by tlie cicposilton 


\if im infiliratinn of sea-water, la reckiming the solvent 
ariiHn ul iherefort, acroiiai mmt be taken of the 

f.irj that a nni inroiiiidfirable firniwriion of the carbonate of 
lime field ifi ioloiion ti re*dlepositefl in the form of crystalline 
Cif $1 %ttm% Mr. Mnrray bai not taken 
^*tiificiriii ar,i ir-irii, and Ims,. ihereforr, oversiiled the destructive 
agciiry til ihe sea. Sccomlly, the growth of corali^ and the 
««n^ei|iieai f«rinaikm of coral-rock within the lagoon, is 
grocrilly ©vcrIookrdL 
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which do not rise above the surface, or are awash for the 
greater part of their extent at low tides, great c|ii.aiitities of 
dibriSy torn from the outer slopes, are carried over 

the rim of the reef md tend to till it up. Hence it follows that 
in a lagoon entirely surrounded by dry land, or nearly to, as is 
the case at Diego Garcia, the tendency to the accumulation of 
material within the lagoon would be leis than is submerged or 
incomplete atolls, for Mm cannot be swept over into the 
lagoon, and the only conitroctive agency is the growth of coral* 
If the power of solution of sea-water If so great, It must be 
supposed that in complete or nearly complete atolls the lagoon 
would be deepening rather than shallowing; yet at Diego 
Garcia the lagoon Is obvbuily shallowing in many places, and 
has nowhere increased In depth since Captain Moresby's 
survey in tSjy* Indeed, the southern pan seemed to have 
shoaled a fathom since that limei and iliis is the more remark- 
able, since the S.E. trade* wladt are by far the roost constant 
and strongest winds there, and tend to accumultie material at 
the northern rather ihtn the soulliera end The fact is, that 
these winds sweep the sand oat of the southern part, and thus 
leave an area particukrly favourably situated for the growth of 
corals. Mr. Murimy ^Ints out that larger atolls generally 
have deeper lagooni than imall atolli, and urges this fact In 
support of his theory ; but litre again the facts in the Cltmgos 
group are against hint Victory Bank fi a submerged atoll, 
the Solomons m m tioll with a kige extent of dry land ; in 
each the lagoon attains a depth of 17-18 fathoms, and in Diego 
Garda the lagoon, although kr larger, does not attain & 
greater depth. Peros llmhm Is far iroallcr than the Great 
ChifOi Bank, yet In both ihe kgojns attain nearly the same 
ni»!siuro depth, vk, 41 faihomi for Ferns Ilanlioi, 44 faihoms 
for the Great Ch-^go# Hank* Speakers Bank is very little 
larger than Feioi llantioi ; In lagoon li far iliallower, having 
a maximum depth of t# faihoina. . . . Corals grow test in 
places where a carrent iowi const anlly over thtfn. 

They are klllid in itill wat«r by the dipoiltioii of seillroeiit, imi 
th:^ witt nm f mw In |dsc« where m tironf current tett directly 
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against lliem. ! noted at Diego Garcia in many places, but 
particulariy at the east end of East Islet, that a strong and 
iiirrci ocean current h most unfavourable to coral growth, and 
tliai ilic reef is barren and suffering rapid erosion at such spots 
as allow the wlicile force of the current to fall directly upon 
tlieiiL As the current parts and flows round the obstacle, 
one ineeli wiili a reef covered with Mris, but barren of 
live coral ; liiriher on, as the current moderates in force, 
•ope fiiidi II lew grenving he,ad3 of coral ; and, finally, at 
file fttrilier eitcl of the reef, where the current has abated 
ili force considerably, there is a luxuriant bed of livings 
rortli md Alcyonaria. This can he seen in perfection on 
ilie foiilhem reef of East Isleh Dr. Hickson tells me that 
he lias observed the same facts at Celebes, that direct and 
ilrong curretits are unfavourable to coral growth, that moderate 
tangeniial currents are extremely favourable, and sluggish or 
illll water again unfavourable. This view, which both of us 
can siipfiOfi by many observations, is much at variance with 
the old accepted saying that corals grow best where the 
broken ire the heaviest It appeared to me that heavy 
briaktri are not favourable to coral growth, because of the quan- 
tity of sliingle witicit they dash, against the soft-bodied polypes. 
Some matilve forms might withstand the force of breakers 
and violent currents if the polypes could be sufficiently pro- 
tected from the shingle, but the branching madrepores are sooi;,' 
broken olT anil swept away, and even the more massive maan- 
iMm s^n follows, for whilst the surface of the colony grows 
I lie bate is dead, is soon riddled by boring -sponges, serpul«, 
and Is «o longer able to bear the strain put upon it The 
mass then breaks off, and is rolled along the reef, pound- 
init fit her ccirals in its course/ 

11ic whole question is still under consideration, and th© 
rraikf iftiisi jiicigc for himself which of these theories he will 
treepi Ilm ii imy be stated that Professor Dana^ — a dis- 
liiigttitlicd aatliorily and student of corals— has advanced his 
opiitwR tliai ‘all the hypotheses of objection to Darwin’s 
* dm, Jmm^ iSSs, p. 190. 
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theory are alike weak, for all have made these processes 
solution and abrasion) their chief reliance, whether appeal- 
ing to' a calcareous, a volcanic, or a mountain-peak basement 
for the structure. The subsidence which the Darwinian theory 
requires has not been opposed by the mention of any fact at 
variance with it, nor by setting aside Darwin’s arguments in its 
favour; and it has found new support in the soundings off 
Tahiti that have been put in array against it, and strong cor- 
roboration in the facts from the West Indies.’ And if at such 
an early stage another impartial opinion may be expressed, it is 
this one : — that many of Darwin’s critics have not carefully 
read his work, and that, so far as the controversy has, as yet, 
advanced, the theory of subsidence accounts for the majority, if 
not all, of the features of coral-reef formation. On no other 
theory, indeed, can the African element in the Indian fauna be 
explained than on the supposition that land once stretched 
between Mozambique and the Malabar coast which has become 
depressed, and which is now alone represented by the Chagos 
Bank, the Saya de Malha, and the Laccadive and Maklive 
Islands. Darwin died on April 19, 1882, and, if we may judge 
by his letters, he remained convinced to the last of the%eneral 
truthfulness of his theory. But, no matter how future observa- 
tions may deci^.e, had he written no other work and simply 
rested on liis laurels, this book alone by its very inductive 
reasoning and patient marshalling of facts would have rcmaineci 
as an- everlasting monument of scientific acumen, and would 
have placed him in the front rank of investigators. 

In bringing this book, as far as possible, up to the date of our 
present information on the subject, the Editor has made free 
use of Professor Bonneys Appendix to the third edition of 
Darwin’s Coral Reefs (Smith, Elder, 8c Co.), and of Professor 
■Geikie’s Address to the Royal Physical Society of Edinbm^h 
(Proceedings^ voL viir. p. i). He has also to thank his friend, 
Mr. A Paling, for several valuable suggestions, and for kindly 
revising the sheets during the time they were passing llirough 
the presa 
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PREFACE. 


I SHAM, have occasion, in many parts of the following 
volume, to acknowledge the valuable information I have 
received from several persons ; but I must particularly 
express my obligations to Captain R. Moresby, I.N., who 
conducted the survey of the Red Sea, and of the archi- 
pelagoes of low coral-islands in the Indian Ocean. I beg 
also to be permitted to return my best thanks to Captain 
Beaufort, R.N., for having given me free access to the 
charts in the Admiralty, as well as to Captain Beecher, 
R,N., for most kindly aiding me in considting them. My 
thanks are likewise especially due to Captain Washington, 
R.N., for his invariable desire to assist me in every possible 
manner. Having in former publications had the pleasure 
of acknowledging how much I owe to Captain Fitzroy, for 
having jjermitted me to volunteer my services on board 
H.M.S. Beagle, and for his uniform kindness in giving me 
assistance in my researches, I can here only repeat my 
obligations to him. The materials for this volume were 
nearly ready two years ago ; but owing to ill-health its 
publication has been delayed. The two succeeding Parts,— 
one on the volcanic islands visited during the voyage of the 
Beagle, and die other on South America,— will appear as 
wn as they am Ire prepared. 
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PLATE L 

lii I lie several original surveys, from which the small plan^ on 
these plates have been reduced, the coral-recis are engraved 
in very dhTerent styles. For the sake of uniformity, I have 
adopted the style used in the cimrts of the Chagas Archi- 
pelago, publislied by the East Indian Company, from the 
survey by Capt. Moresby and Lieut* Powell The surhice 
of the reef, which dries at low water, b represented 
by a surface with small crosses : the coraldslets on the reef 
are marked by small linear spaces, on which a few cocoa- 
nui trees, out of all proportion too large, have been 
blroducecl for the sake of clearness. The entire anmlar 
rmf^ which when surrounding an open expanse of water, 
formi an * atoll,' and when surrounding one or more high 
iilands, forms an encircling * barrier-reef,' has a nearly 
tttiiforin iiructure. The reefs in some of the original 
iurwys are represented merely by a single line with 
crosses so that their breadth is not given; I have had 
•sicli ftefi engraved of the width usually attained by coral- 
reefs. I have not Ihought It worth witile to introduce all 
lltose small and very numerous reels, which occur within 
the ligooni of most atolb and within the lagoon-channelf 
of mcist barrier-reefs, and which stand either isolated, or 
mm fiitached to the shores of the reef or land. At Perns 
llunhos none of the lagoon-reefs tine to the iurface of the 
water ; a. few of them have been Introduced, and are 
marked by plain dolled circlet. A few of the deepest 
•oundingi art laid down wtiliia each reef; they are in 
faihom% of ila Engliih feet 
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Fig. L— Vanikoro, situated in the western part of the South 
Pacific ; taken from the survey by Capt D^Urville in th« 
Astrolabe; the soundings on the southern side of the 
island, namely, from 30 to 40 fathoms, are given from 
the voyage of the Chev. Dillon ; the other soiindiiigs are 
laid down from the survey by D'Urville ; height of the 
summit of the island is 3,032 feet The principal small 
detached reefs within the Iagoon«channfd have in itiis 
instance been represented. I’he southern shore of the 
island is narrowly fringed by a reef : if the engraver iitd 
carried this reef entirely round both islands, this figure 
would have served (by leaving out in imaginiition the 
barrier-reef) as a good specimen of an abrupily-iided 
island, surrounded by a reef of the fringing clas’i. 

Fig, 2.— -MENCHiKDFr ATOLL{or LigoondslandXin the Marsitali 
Archipelago, Northeni i*acific Ocean ; from Kr«scii»lcrii*s 
Atlas of the Pacific; originally siirveyecl by Capt llage- 
meister; the depth within the lagoons is unknown. 

Fig. 3.— FouYNipfeTE, or Sehiavime, in the Caroline Arcbi- 
pelago ; from the survey by Admiral Liitk 4 

PLATE IL 

Fig. I.— Bolabola, in the Society Archipelago, from the 
surveyor Capt Duperrey In the Ciffmilc; the louiiiimiif 
in this and the following %iires have been altered fwiiti 
French feat to English fathcinis * heiglii of higlicfl piiial of 
the island 4,026 feet 

Fig. 2.--KEMUK0, or Cocos ATOtf. (or laipion-iilaiii), m the 
Indian Ocean ; from the suivcy by Capt FiUroy ; ilii* 
lagoon south of the dotted Ilea is very ilinlltiw, iml It i«fi 
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3.”~Hogoleu^ or Roug, in the Caroline Archipelago ; 
taken from the A //as of the Voyage of the Astrolabe^ 
compiled from the surveys of Captains Duperrey and 
lyUrville; the depth of the immense lagoon-like space 
within the reef is not known. 

Fig, 4.~Raiatea, in the Society Archipelago ; from the map 
given in the quarto edition of CooUs First Voyage/ it is 
probably not accurate. 

Fig, 5..-.GAMIIIER Islands, in the southern part of the Low 
Archipelago ; from the survey by Capt. Beechey ; height 
of highest island, 1,246 feet ; the islands are surrounded by 
extensive and irregular reefs; the reef on the southern side 
is submerged 


PLATE III. 

Fig, i,~Maurua, in the Society Archipelago ; from the survey 
by Capt. Duperrey in the Coquille: height of land about 

Bm feet. 

Fig. s.—Maldiva Archipelago, in the Indian Ocean; from 
the survey by Capt. Moresby and Lieut Powell. 

Fig* 3,*— “New Caledonia, in the western part of the Facidc; 
from Krusenf tern’s At/as^ compiled from several sur- 
veys; I have slightly altered the northern point of the 
reefi in accordance with the Attas of the Voyage of the 
Asir^iah. lit Krwseniiern’’i Atias^ the reef is repre- 
fcntcd by a ilngle line with crosses ; I have for the sake 
Ilf iioiforfnlty added an interior line 

Fig* Mahlos Maiidoo atoll, together with Horsburgh 
atoll, in file Maldiva Archipelago ; from the survey by 
Capt Moresby and Lieut Powell; the white spaces 
In ilte tnidclle of the separate imall reefs, both on the 
ifiargin and in the iniddie part, are meant to represent 
iiltk lagoGiii; but 11 was found not poisible to distinguish 
clearly frcini liie imall isleit. which have been formed 
oil timm laitie ittiall reefs; many of the smaller reefs could 
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not be introduced; the nautical mark (■*■') oyer the li,j;iir€S 
250 and 200, between Mahlos Malicloo ami Horsliiirgti aloll 
and PowelPs island, signifies that soundings were iwit 

obtained at these depths. 

Fig. 5.— Bow, or Hkyou ATOLL (or lagoomiHlaml), in llif Low 
Archipelago, from the sairvey hy Capi. Ikerhey, ILN, ; 
the lagoon is choked up wmh reefs, hut the average greaiesl 
depth of about 20 fathoms, i?i given from the |iiibli»hccl 

account of the voyage. 

PLATE IV. 

Fig. r.— G reat Chagos Bank, in the Indian Ocean; taken 
from the survey by Cii|d. K!orefd,iy and IJiniL ; 

the parts %vhich are sliaded, with the except ion iif iwti 
or three islets on the western and iTOiilitrn sicieiii do 
not rise to the surface, but are siiliinergecl froiii 4 to 
10 fathoms; the banks bounded by the driitci linci lie 
from IS to 20 fathomi lieneaih the surface, and are 
formed of sand ; the central space is of iiiud, and frorii 
30 to 50 fathoms deep. 

Fig. 2.— “A vertical section, on the tame scale, in an E. and W* 
line across the Great Chiigos Bank, given for llie take of 
exhibiting more clearly its structure. 

Fig. 3 .— Peros Bakhos atoll (or lagoon dsland), fn lie 
Chagos group in the Indian Ocean ; from the feiir%»cy by 
Capt Moresby and Lieut. Powell ; not iivgily all llte 
small submerged reefs In the lagoort are re|iieiieiiti;il; lliu 
annular reef on the southern side is submerged* 

PLATE V. 

Tire prineiplei on which ihli map was cokiurtil art eiplainid 
In the beginning of Chapter VL; and the atitlierlilti for 
■ mch particular spot are detailed In the Aiipciitlix. *Oit 
names printed in italics In the Index refer to tlit Apptaim 
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INTRODUCTION. 

The object of thm ¥oIiime is to describe from my own 
observation and the works of others, the principal kinds of 
coral'-reefs, more especially those occurring in the open 
and to explain the origin of their peculiar forms. 
I do not here treat of the polypifers, which construct these 
vast works, except so far as relates to their distribution, 
and to the conditions favourable to their vigorous growth. 
Without any distinct intention to classify coral-reefs, most 
vtjMgem have spoken of them under the following heads : 
‘lagoonddaiMls/ or * atolls/ ‘barrier^ or ‘encircling 
reefs/ and * fringing^ or ‘shore-reefs/ The kgoon- 
iilificis lute received much the most attention ; and it is 
iifil siirpriiing, for every one must be struck with astonish- 
siienb when lie first lieholds one of these vast rings of 
coral-rock, often many leagues in diameter, here and there 
♦lurnioiintfci by a low verdant island with daraling white 
bathed on the oiitiide by the foaming breakers of 
till? iiciMii, and rin ilic inside surrounding a calm ex^nse of 
wilfir, wlikli from rcfleclion, is of a bright but pale green 
ctikiiir* Tint iialiiralkl will feel this astonishment more 
after tiaving examined the soft and almost gelatinous 
Ilf thfr4i* apprertlly insignificant creatures, and when 
hi litowi lliat tlic iolid reef increases only on the outer 
rtigf, wbirfi day anil nigll is lashed by the breakers of an 
rirr^in iietftr at Well did Francois Pyrtrd de Laval, 
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in the yetr 1605, eicktm, **C 7 e.sl line riitfriieille cle voii 
cliacun cle ccs aioilans» eauiroriiii! cruii grand banc de 
plerre tout autour, si^yant fmint trariifice hiiniain.** I'he 
accompanykig sketch of Whitsunday IsLincl, in the South 
Ikcific* taken from Capt. Beechey's admirable 
although excellent of its kind, gives fuit a feint idea of llie 
singular aspect of one of these lagoon-islancls. 




surround In the accomiHinying sketch, taken from the 


<mt ft muuntftmeu* IftlftiKl m Aa fur dittsnce. 
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Here, as in Whitsunday Island, the whole of that part of 
the reef which is visible is converted into land. This is a 



circumstance of rare occurrence; more usually a snow- 
white line of great breakers, with here and there an islet 
crowned by cocoa-nut trees, separates the smooth waters of 
the lagoon-like channel from the waves of the open sek. The 
barrier-reefs of Australia and of New Caledonia, owing to 
their enormous dimensions, have excited much attention : 
In structure an<i form tliey resemble those encircling many 
of the smaller islands In the Pacific Ocean. 

With respect to fringing, or shore^reefs, there is little in 
their structure which needs explanation ; and their name 
expressei their comparatively small extension. They differ 
from barrier-reefs in not lying so far from the shore, and in 
not having within a broadf channel of deep water. Reefs 
alio occur around submerged banks of sediment and of 
worn-down rock ; and others are scattered quite irregularly 
where the sea is very slmllow ; these in most respects are 
allied to ihoie of the fringing class, but they are of com- 
pratively little interest 

I have given a separate chapter to each of the above 
classes, and liavc described some one reef or island, on 
which I fiossessed most information, as typical ; and have 
afterwards comiiarcd it with others of a like kind. Although 
ihli clasyficailon Is useful from being obvious, and from 
iRcluding mml of the coral-reefs existing in the open sea, it 
tdmiti of a more fundamental division into barrier and 
glolbformed reefs on the one hand, where there Is a great 
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apparent difficulty witli rcs[>cct to the founclatiori on wliicli 
they must first have grown I and into fririging^rcefs oii llie 
other, where, owing to the nature of the slope of llie ad join- 
ing land, there is no such difficulty, llm two blue 
and the red colour on the map {Plate V.) rcpmmmi tills 
main division, as expiainec] in tin? beginning of llie lasi 
chapter. In the Appendix, every existing c:onil reef, cxitefit 
some on the coast of Brazil not incluilcHl in ihe map, is 
briefly descrilied in geographical order, as far a:-» I prccsixs'setl 
information; and any particular s|)ot may be foiiiiil by 
consulting the Index. 

Several theories Isave been acivanced to cxfilain the iirigin 
of atolls, or lagoon-islands, hut scarcely one to accoiint for 
barrier-reefs. From the limited depths at which rc?i:f4iiiild* 
ing polypifers can flourish, taken into coiistdcraiioii witli 
certairt other circumstances, we arc coi"tt|:iellcd to cciiicliicle* 
as it will be seen, that both in atolls and barrier-reelsi ilic* 
foundation on which the coral was primarily aiCaciit?d, lia?i 
subsided; and that during this downward iiioveineiil, 
reefs have grown upwards. This coiicltisioii, il will lie 
further seen, explains most satisfactorily lltc cmtllne and 
general form of atolls and barrier-rcefo, mid likewise ceilaiii 
peculiarities in their structure. The distrlbulimi, »hi\ of 
the diferent kinds of coral reefs, and iheir pcwiiion itiilf 
relation to the areas of recent elevation, and to the 
subject to volcanic eriiptloni, fully acenre! with this 
of their origin.^ 

* A hrief account of my on cwal formalioiiTi, ii»iw piihfiflp'4 m 
my JoiiRial of Eesearches, wa» rtail May |i%l, iHjy, ilir f#* i 

logictl Scciely, and an al»tract lm» a|i|>c»iei| lli ii« 

(Reprintrf at tht tad of this ) 
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5i's Ui»s . }•» r.r.H'f', Aj' ’?!. 

CituttseiKAteuftr 

/..ir 

|\, I'.l'f.lM*’* #'?f' C *■> '•«'"'M'i ;i!I«‘',if'| i*i m ||:^^ |t'',«i:’>:n 

.ill tj'' 5\S,, lun^llmtr> t,-./ *;./ H - a vln<r4 

if frriiii ihi- ntiriTV *4 |- ^Sv<l ^ 

II \f fc; .-Yr»| JH 1*;^^"’ If . I''m:> ^ 

m.'.fin m! !^ •. .■! :: r: 4 ^ 1-1 su ^i..m- 

i‘i in IlFr-l i <4 t’ *' ^ ^A ^ .'\ ;f 

l.r jMji/'.,^ !!,?’■ ri,^ ,r|/Uf>fi :^ 4 ' lli^ 5 r 4 .';M^*K 55 .|«r ' 4 ' ,0.^ 

f^5l||| /..':r4 ?r* |<.r 4lj|%n |m^ Willrf IfMffl ih^ f 

:ii|<r»‘f ^4 ll;r l«ri%| l;^#cfl ^4 

4lf?irfr4*irit| tu m^4thm %h< 
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€(lg0 tlwt n%% r»art r»f *' • 

Qilg& ©Eller c©iwl»t« of » e«rii?e% in^iitt*!* m ro|srr’W*fit«’»li **l ftini:** 'I 
Ilki thcwm ntll« farthwr MoriwarB, h«*tt*»:tth th#’ 

<'.-“A llafctif eorsil-rorte. rcintrr*! at hi|.*b W 4 t-»'r* 

II. —A low jn’c*Jti©ti«|c hitlgw c»f lir««*’i.4ti'4 ^ r=4>*l »’.i.>.||i«4 lii’ ilie fit- 

high water. 

K.-A Blap® i>n(K>»# frapaent^, rrarh^a hy mitf «iofiiiit *»• 

«pl» 4 sr part, which Is aix te tw<*te® friE r|<v||i«4 »ii|| 

Thi attrfarii of tint islet nAtiium t« the lai*i«wa' 

F.““I.®vel of tlii la^ooa ail^w water. 

The section {?! true to the scale in a lifiri/4irit:t| linr, hut 
it could not be made so iti a vertical oiiej *yi ilii? average 
greatest height of the land is only helwecii lix amJ Iwelre 
feet above liigh-water m«irk. I will ilviscribe llie scciioti, 
commencing with the outer margin. I first observe 
that the reef-building polypifers^ not licdrig Iklal 
require to be constantly siibinergcti or washed by llie 
breakers* I was assured by Mr. Lits^ki a very iiilelligcril 
resident on these islands, as well ai by ioiac cliiefs al 
Tahiti (Otahelte), limt an exposure to ihc rays of the iiin 
for a vary short time invariably causes tlieir clv?ilfiiciicjri. 
Hence it is possible only under the mml fiivoiiralile circtitti* 
stances^ aflorrled by an unusually Iciw liilv and iinociiii 
water, to reach the outer margin, where tin* tciral ii tlifts 
I succeeded only twice in -gaining this {iafi|«itrid foiinfl it 
almost entirely composed of a living Puiiics, vhirb frjrfiri 
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violence^ althoiip^h t!ie day was quite calm and the tide low, 
the polypifers in the uppermost cells were all dead, but 
between three and four inches lower down on its side they 
were living, and formed a projecting border round the upper 
and dead surface. "Fhe coral being thus checked in its 
upward growth, extends laterally, and hence most of the 
masses, especially those a little further inwards, had broad 
Hat dead summits. On tlic other hand I could see, during 
the recoil of the breakers, that a few yards further seaward, 
the whole convex surface of the Porites was alive; so that 
the point wliere we were standing was almost on the exact 
upward and shoreward limit of existence of those corals 
which form the outer margin of the reef. We shall presently 
i^ce that there are other organic productions, fitted to bear a 
somewhat longer exposure to the air and sun. 

Next, but much inferior in importance to the Porites, 
is the Miikpora complanala.^ It grows in thick vertical 
filates, intersecting each other at various angles, and forms 
an exceedingly strong honeycombed mass, which generally 
alTects a circular form, the marginal plates alone being 
alive Between these plates and in the protected crevices 
on the reef, a multitude of branching zoophytes and other 
productions flourish, but the Porites and Miliepora alone 
seem able to resist the fury of the breakers on its upper 
and outer edge : at the depth of a few fathoms other kinds 
of stony corals live. Mr. IJesk, wlio was intimately 
acf|iiainted with every part of this reef, and likewise with 
that of North Keeling atoll, assured me that these corals 
invariably compose the outer margin. The lagoon is 
inlitliited by quite a distinct set of corals, generally brittle 

^ Hill Miilepom (Pali«l|>ora of Blaiavilk), a* well m the 

the slngiikr properly of itkging the ikin where 

It li dbilealt, Hi « the face and arm. 


CORAf.MEEm 


a2 

and thinly hrafu.:hetl ; hni a iipl .ih. iJly «<i t#4‘ 

same i|)cck‘s with that mi ilu* oiiidik^ i- 

although it doen not mtm to ihiivc, ainl rriiniihy ihun 

not attain the tlioiisandth |%iil in 

opposed to the lireakcr^. 

The woodcut sho%vs tlio foiin r*f the ofi ihn 

teef : the water deepcim for a %pMti£ liriwcrii one and two 
hundred yards wide, wry gradually to 25 l»ii 1 iofii?i (A in 
section), beyond which tiie iddri plunge* inlci ibe inilall'Miiii* 
able ocean at an angle of 4S*»^ tlr|U}i of ten or 

twelve fathoms the bottom k iKirecdingly fiiggfd, anti nrcmi 
formed of great masses of living rnral, siiinlif to 
on the margin* The aiming of llie lead liere in valuably 
came up quilc clcaOi but decj-tly indcnitcl, and chains 
and anchors which were lowered, in ilit ho|iei Icitiiii 
up the coral, were broken- ^fariy small how* 

ever, of MUkp&m akimnit were bro^aglii iifi,; ani ofi 
the arming front an eighl-falliom ea%l, ilitrc wm t f^rfet 
impression of tn Aiirw, ajiparfiilfy alive* I c-naiiiiiircl 
the rolled fragments cast on the tirarb dtifini plrt, in 
order further to ascertain whal corali grew oiiliiilt llic 
reef- The fragmeiiti conilslccl of iiiany lind^ of wiikli 
the Porites already menitencd and a Mat!rr|Mifa, ipfiirtiitlf 
the J£ were the mtmi iiiiintlaiii Ai I ftcawdirfl 

In vain in the liollows on the raf iiicl in the laffnifii ftir 
a living sj^ciintn of Ibis Midrc|»rt| I ctiicliiit liial it 

t m« iosi^tep ffo« whkh tlih m&hm In liid 
with ptat «re Igr Ilf i 

1«J, having a dlwwitei of feif Imhm, m4 ili^ iftfclfift 
w«i« cat off i«d m l«i#d I# wf f Hit it 

ii i of ndtew, ptmM in ll« •! Ito Iwlliiw #1' 

tIN l«ti. S«i, mi ff«s »»iiill tjf f«ck, will mllrniM 1^# 

itt mi If m hoit« hi d reck ll Mm* W » ^ 

I l§ 
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is confined to a zone outside, and beneath the surface, 
where it must be very abundant. Fragments of the Milk- 
pora aldcornis and of an Astraea were also numerous ; 
the former is found, but not in proportionate numbers, 
in the hollows on the reef ; but the Astrsea I did not see 
living. Hence we may infer, that these are the kinds of 
coral which form the rugged sloping surface (represented 
in the woodcut by an uneven line), round and beneath 
the external margin. Between 12 and 20 fathoms the 
arming came up an equal number of times smoothed with 
sand, and indented with coral: an anchor and lead were 
lost at the respective depths of 13 and 16 fathoms. 
Out of twenty-five soundings taken at a greater depth 
than 20 fathoms, every one showed the bottom was 
covered with sand; whereas, at a less depth than 12 
fathoms, every sounding showed that it was exceedingly 
rugged, and free from all extraneous particles. Two sound- 
ings were obtained at the depth of 360 fathoms, and several 
between 200 and 300 fathoms- The sand brought up 
from these depths consisted of finely triturated fragments 
of stony zoophytes, but not, as far as I could distinguish, 
of a particle of any lamelliform genus : fragments of shells 
were rare. 

At a distance of 2,200 yards from the breakers, Captain 
Fitzroy found no bottom with a line of 7,200 feet in length ; 
hence the submarine slope of this coral formation is steeper 
than that of any volcanic cone. Off the mouth of the 
lagoon, and likewise off the northern point of the atoll, 
where the currents act violently, the inclination, owing to 
the accumulation of sediment, is less. As the arming of 
the lead from all the greater • depths showed a smooth 
sandy bottom, I at first concluded that the whole consisted 
of a vast conical pile of calcareous sand, but the sudden 
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increase of depth at some points, and the circumstance 
of the line having been cut, as if rubbed, when between 
500 and 600 fathoms were out, indicate the probable 
eiistcnce of submarine cliffs. 

On the margin of the reefs, close within the line where 
the upper surface of the Porites and of the Millepora is 
dead, three species of Nullipora flourish. One grows in 
thin sheets, like a lichen on old trees ; the second in stony 
knobs, as thick as a man's finger, radiating from a common 
centre ; and the third, which is less common, in a moss-like 
reticulation of thin, but perfectly rigid branches.^ The 
three species occur either separately or mingled together; 
and they form by their successive growth a layer two or 
tlirce feet in thickness, which in some cases is hard, but 
where formed of the lichen-like kind, readily yields an 
impression to the hammer: the surface is of a reddish 
colour. These Nulliporae, although able to exist above 
the limit of true corals, seem to require to be bathed during 
the greater part of each tide by breaking water, for they are 
not found in any abundance in the protected hollows on the 
back part of the reef, where they might be immersed either 
during the whole or an equal proportional time of each tide. 
It ii remarkable that organic productions of such extreme 
simplicity, for the Nulliporm^ undoubtedly belong to one of 

* This tot ipeciei is of a beautiful bright peach-blossom colour. Its 
liftaches are about as thick m crow-quills ; they are slightly flattened 
and kaobted at the extremities. The extremities only are alive and 
brightly coloured. The two other species are of a dirty purplish- white. 
Tte second spedes is extremely hard ; its short knob-like branches are 
cylindrical, and do not grow thicker at their extremities. 

s The Hulliporcs Wong to the Corallinacese, a group of the sub-class 
^rpophycoe and the class Alg». Their distinctive characteristic is 
tit tnewitation of the thalli with caldum carbonate, hence thdr 
iwttbliiice to the true corals. — E0. 
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the lowest classes of the vegetable kingdom, should be 
limited to a zone so peculiarly circumstanced. Hence the 
layer composed by their growth merely fringes the reef for 
a space of about 20 yards in width, either under the form of 
separate mammillated^ projections, where the outer masses 
of coral are separate, or, more commonly, where the corals 
are united into a solid margin, as a continuous smooth 
convex mound (B in woodcut), like an artificial breakwater. 
Both the mound and mammillated projections stand about 
three feet higher than any other part of the reef, by which 
term I do not include the islets, formed by the accumula- 
tion of rolled fragments. We shall hereafter see that other 
coral-reefs are protected by a similar thick growth of 
Nulliporae on the outer margin, the part most exposed to the 
breakers, and this must effectually aid in preserving it from 
being worn down. 

The woodcut represents a section across one of the islets 
on the reef, but if all that part which is above the level of C 
were removed, the section would be that of the simple reef, 
as it occurs where no islet has been formed- It is this reef 
which essentially forms the atoll. It is a ring, enclos- 
ing the lagoon on all sides except at the northern end, 
where there are two open spaces, through one of which 
ships can enter. The reef varies in width from 250 to 
300 yards; its surface is level, or very slightly inclined 
towards the lagoon, and at high tide the sea breaks 
entirely over it : the water at low tide thrown by the breakers 
on the reef, is carried by the many narrow and shoal gullies 
or channels on its surface, into the lagoon : a return stream 
sets out of the lagoon through the main entrance. The 
most frequent coral in the hollows on the reef is Podllopora 
mrrucosa^ which grows in short sinuous plates, or branches, 
^ Kipple-shaped. — E d. 
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and when alive h of a licanisftil pak Lir;f i I ; ;i )i|4«ir' > 

pora, closely allied or identira! wiUi d/, /» i i . aS i 
common. As soon as an islet i i forniiri!, .uul llm wavs are 
prevented breaking entirely over the r>-' !. t'o: « lianisrl, and 
hollow.s in it become rilk-d up wills eosse iie l 
and its surface is converted into a h ird siiwoth (lour iV. t>( 
woodcut), like an artificial one of fri*<'4osse. Tins 11 it susr- 
face varies in width from loo to aoo, or even 300 yasd^ 
and is strewed with a few large fragmesits of coral lorn up 
during gales : it is uncovered only at losv w.iicr. I cmltd 
with difficulty, and only by the aid of ii t hi.*:!, pr-cure 
chips of rock from its surfacs’, and therefore could not 
ascertain bow much of it is forinctl Isy the agj^reuat on of 
detritus, and how much by the outward growth of in uiids 
of corals similar to those now living on the insrgin. 
Nothing can be more singular th;ui the ajipparancc at low 
tide of this ‘flat* of naked stone, csiwcially where it is 
externally bounded by the smooth convex rnnuod of 


face is comptxi^ at well at the shells rmiigkd wish ihefn, 
idmost mlusively cemsist of th^ kiodt which live 011 the 
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outer coast. The highest part of the islets (excepting 
hillocks of blown sand, some of which are 30 feet high) is 
close to the outer beach (E of the woodcut), and averages 
from six to ten feet above ordinary high-water mark. From 
the outer beach the surface slopes gently to the shores of 
the lagoon, which no doubt has been caused by the 
breakers, the further they have rolled over the reef, having 
had less power to throw up fragments. The little waves of 
the lagoon heap up sand and fragments of thinly-branched 
corals on the inner side of the islets on the leeward side of 
the atoll ; and these islets are broader than those to wind- 
ward, some being even 800 yards in width ; but the land 
thus added is very low. The fragments beneath the sur- 
face are cemented into a solid mass, which is exposed as a 
ledge (D of the woodcut), projecting some yards in front of 
the outer shore and from two to four feet high. This ledge 
is just reached by the waves at ordinary high-water : it 
extends in front of all the islets, and everywhere has a 
water-worn and scooped appearance. The fragments of 
coral which are occasionally cast on the ‘flat’ are during 
gales of unusual violence swept together on the beach, 
where the waves each day at high-water tend to remove 
and gradually wear them down; but the lower fragments 
having become firmly cemented together by the percolation 
of calcareous matter, resist the daily tides longer, and hence 
project as a ledge. The cemented mass is generally of a 
white colour, but in some few parts reddish from ferruginous 
matter ; it is very hard, and is sonorous under the hammer ; 
it is obscurely divided by seams, dipping at a small angle 
seaward ; it consists of fragments of the corals which grow 
on the outer margin, some quite and others partially 
rounded, some small and others between two and three 
feet across ; and of masses of previously formed 
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conglomerate! torn up, rounded, and rc-rriiirnled ; il « iiii» 
sists of a calcareous iandfitoiie, rMitp <'d nmmlvtl 

particles, generally almost liieiidetl logrdp-r, t4 -.Ls Jl-a, mniK, 
the spines of echini, and other on^aiiir hoclir*. ; 
this latter kind, occur on immy fhoms where ilmr an* rm 
coral-reefs. The striiriiirc of the rr/ia! in lb* laio 

has generally been much olmmvil by the iidilii.iii m 
of spathose^ calcareous mallrr ; aral I ro!lec:n:ii a very 
interesting series, lieginning with fragriirrils til 
coral, and ending with others, wticre it iiii|ii:o34b!c In 
discover with the naked eye any trace i»l organir: ?-4nn:a.iire. 
In some s|.>ecimens I m% %mnhk\ mat willi itie aid of a 
lens, and by wetting them, to disiinguisti llic litiiinclariei of 
the altered coral and spatho^ limeilorie. Many even rif 
the blocks of coral lying loose on the bearli, liad llicir 
central parts altered and irifiltraled. 

The lagoon alone remains to te clciicriliec! ; ii k itiucli 
shallower than that of moil aiciH*i of convhicrayc %ke 
The southern part is almost fitted iifi wiifi Iwiiks of iniid 
and fields of coral, lioih dead itid aliw ; biii ilicfc arc 
considerable spaces, between three inci fi4Sf fiiliofWp and 
smaller basins, from eight to im faificiinis deep, Ihiilialiiy 
about half its area coniiili of iediinrni, and lialf of c«»h 
reefs. The comls compoitng ihcie reefi hm* a wtf 
different aspect from tli^ on the llicy «tf* triy 

numerouiin kind, and most of llicni arc ihiiity litufiiiird 
Meandrina, however, livei In the lagrinn, uml ^rrai 
masses of this coml are nunierous, lying rpiiicf m ilitiwi 
loose on the bottom. The otlitr ctiinitiMiiml kiiidi con- 
sist of three closely alllM iiiecici of itiic Mtilrepirt ii 
liJn bwmdhes | of iwn ipclii of 
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Porites^ willi cylindrical liraiir.hcfH cm?’ cf \vhirh Piiiir; ftimilar 
dumps, wiih the exterior Imuiches only ;iliyc; nwl hr.fPn 
a coral somdliing like m I^iplanaria, Inn %%‘illi iiii 
both siirfaceH, growing in thin, liriitb*, *4rniy, ffih.ir-r-iaii 
expansions, especially in the ti**eper lasiiri rd llie bi|OfOfC 
l*he reefs on wliidi lliese rr^nlH grow ari! very irregtilif in 
form, are full of caviiJt*-, and have not a sfdi«i flal stirf.ir:e 
of dead rock, like lhai siirroonding the lagoon; nm 
they be nearly so liarch for the iiihahnanlH made ivilli rrew^* 
bars a dianncl of comkicrable length ihrcingli 
in which a schooner, built on the H.K, islet, was floalcd oiif. 
It is a very interesting circiimstance, poinleil oiii in iim liy 
Mr« Liesk, that Ihii channel, akhmigli iiw«le hm- Ilian ten 
years before our visit, was tfien, m we saw, iilmiosl clioferil 
lip with living coral, so Ifiat fresh exravaiioiis wmilil 
be absolutely necessary to «allow another vessel lri pass 
through it 

The sediment from the deepest parl-i in ilie lagonri, wlicfi 
wet, appeared chalky, hut, when dry, like very fitic »iifL 
Large soft banks of iiimilar, bin even finer grained rrind, 
occur on the SJC shore of the Ligomt, afford iiig a lliiv'k 
growth of a Fuciis,® on whirh liitlle feccL lltb fund, 
although discoloiyireii by vegclabic mailer, ajificafi I'foiri its 
entire iolulioit In acids to l>e purely cakarroiw. I haw 
seen in the Museum of the Geological Sciciely, u ’dititlar 
liiit more remarltble inbsmnce, brought by liciil. Nrhoii 
from the reefi of llerniiitla, wlikh, whim slp'iwn to 

* This Porifes fits mmrwhul the hahif /*, iti*ir4ri4^ Lil tlie 
hraRclicsifc iml kfii4il«4 al ifwlr Wlwa ilife if is r»f » 

c«»I«iar, liiit ificr i»via|| Imn wadiol lu Umh wiitr ind |#licr4 f« dry* 
ft JeMilsck difiiy fttm ili« mikm m ili*« il« 

f.|icrJawrt fi<iw apficari »% if il Iij 4 in ink 

^ hgmmtniMZ 



experienced geologint^, wm ini«i,ikeri hf them (m Iriie 
chalk. On the out^hk of the reef iiiiicli si'difiutiit tiiir4 
formed by the action of tfje *4iri' on tliL* fr;igiii’inu of 
coral; but in the calm waters of tlie lagritm^ llii-i o^iri lake 
place only in a uriiall degree, 1‘here an.^ cillier 

and unexpected «igentfi at work here: largo erf two 

specks of Scams, ^ one inliabiliiig ihe Biirf oiitsidr llii* reef 
and the other the lagoon, lubfd^l etiiirely, a, I mm aasiireil 
by Mr, Licsk, the intelligent rcsicleiil \wUn%i rcrfirrrcil to, by 
browsing on the living polypikm, i ripened Kevewi iif 
these fish, which are very nyiiicroiis anil of cotisiderilile 
sixe, and I found their inieslmes dislenclril liy siriall picers 
of coral, and firmly ground calri 

daily pass from them as the ftm%l ^ictJiiiieril ; iniicli ilio 
must Im produced by the infinitely niiiiierniis teritiiforim 

and molluscous animals, which 
every Mock of coral Dr* J. . 

enjoyed the bill mmm of cite 
letter that the Holotburim (a fai 
living coral ; and the iingiilar %' 
anterior extremity of iheir bod 
■•adapted for this purpose* Tlie 
Holothurla, and of the individuals wtsidi iwarrii on every 
part of these coralreefs, is cxlraordiiiafily grcal ; Sfid fiiatiy 
ship-loads are annwaliy freighted, ai k well laowii, for 
China with the trepang, which fs a hiwxm of this gfiitj% 
The, amount of comi yearly cotiioiiifd, gfoiinil tiowi 
into the finest mud, by thcie icvrral rjeaiufct# $m 
...prohaWy by s»fiy other kind% 

&ets are, howtfer, ^ more imp 
^ as showing isi tbit Ihw 

* k punt d fiih, al W f 

ll|% to tl« Tefe««d,«»Eo« 
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growlh of anti tlial the alr«nr*i iirtivi’rnai law nf 

^^consiimecl and be conaumecl/’ hokl-'i good even wiili llie 
polypifers forining thoae mat»Hivc biiKvark^i, wliit'li are 
to wittislancl llie force of the av.van* 

Considering that Keeling nioll, like eoral 

tionSj has been entirely he'iited by the grciwtii tif <prit;iiiie 
teings* and ibe aeciiiiiiikifioii of llieir delrilii^ one ii 
iialiirally led to inr|inre how long It hm coitlinnedj iiiid 
how long it is likely to crmiiinie, in im piearnl ilale. ^Ir. 
IJesk informecl rue that he had seen an e^ld cdiart in wliteli 
Ii: , the present long island on the H.lw aide wai diviikd hf 
several channels into as many islct:4; and he atiiinei iiiu 
that the channels can still be diititiguidied liy Itic iiiiallcr 
size of the trees on them- On scvi^ral islcl^ iilno, I 
oliservcd that only young cocoa-nut trees were griiwirig on 
the extrctnilicH ; and tliat older and talkT trees roie in 
regular siJcrcs?dori bcliirul them ; wliich fdiciwi lliat iIichc 
islets have very lately iricreascil in lengths In lliit iipjier 
and soiith-eastern pari of the lagoon, I was imidi fairpri'icrt 
by findifig an irri*gy!ar field of at Ica^l a rriile iic|iiiire cif 
branchiiig coral?^, still upright, but entirely cleiiii Tliey 
consisted of the sfiecks already menliottcf! ; ilicy were of m 
brown cciloiir, and so rotten, ihai in Ifyiiig lo siaiifl on 
■/i Ihem^ I sank halfway up the kg, m if ihfciiigli dertye*! 
I'lrushwoocl. The lops ©f the lirarirJm were birely cnvcinl 
by water at the time of lowcfii lidf?. Several facr*! having 
led me lo dklielleve in any devaibn of the wfiolc iifnll, I 
wm at firnt tinnblc to imagine what cause cmiki have hilled 
I so large a fii'ld of corah Upon rcflrciion^ liowcver, ii 
appeared to tiie ilirtl the clming up of the above 
t ciianncln would he a siifFicknt cause ; for t^frirc llik, a 
strong breeze by forcing water through thffiii iiih'i |}i«! linnl 
^ of the ligoon, would tend lo raiiie its level flm iiow ilit% 
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cannot happen, and the inliabilani;* cili!ierrt? iliai ilic tide 
rises to a less hclgln, during a high BJi wind, at tise tiearl 
than at the iiimilh of the lagoon, llie coral 'g wl'iii:!g iiriiJcr 
the former condition of tiling-^, liaci aifaiiiefl tlm mmo%i 
possilde limit of upward growth, would ihin cura ifinally lie 
ex|>osefl for a short tinre to the miii, »arifl he killed. 

Besides the increase of dry land, ifMiiraft;*d by the fore- 
going facts, the exterior noVid reef a|girar:i l*':i ernwii 
outwards. On the western %idi* of the aioll, flic * fhl * lying 
between the margin of liic reef ami llii-' liear,li k tcry wick* ; 
and in front of the regular bearli wiili ii-i eonglfiiiicrate 
kisis, there is, in most |ari% a l:«d of iiaiitl aricl lo^-^rr 


inner beach ; that they formerly lieai agatiiit it wiiti 


the »me peculiar manner in wliicli llic iwell irotii witiflwartl 
now obliquely curls round the fniirgiti of ilie reeh 
evident from the coaglomrfale having liccn wiirn iiiici a 


manner* This retreat in the lint of action of tlic tiieakeri 


doubte4 from the foct alf^y meniioncd of llit tti©ti,ncii of 
with their summits ipprently lately liiltcl., mi ilitif 

sides only thr^ or four inehoi lower down lliicltsti 1^ * 
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supposition which I must not pass over. If the whole, or 
a large part of the * flat,.* had been formed by tlie outward 
growth of the margin, each successive margin woiilcl 
naturally have been coated by the Nullipone, md m rniicli 
of the surface would have been of equal height with the 
existing /*one of living Nullipone : thin m not the ease, m 
may be seen in tiic w'oodcut It is, however, evident from 
the abraded stale of the ‘flat/wiil'i its original lrier|iia!lt:ici 
filled up, that its surface lias been much modifiecl ; and it k 
possible that the hinder portions of the r.one of Mulliporii!, 
perishing as the reef grows outwards, might be worn down 
by the surf. If this hm not taken place, the reef can in m 
part have increased outwards in lireadlh since its formalioti, 
or at least since the Niilhporie forined the convex mound 
on its margin; for the zmm thus formed, and which 
stands Ijctwcen two and three feet above tfie other fiaris 
of the reef, is nowhere rnych alKJve lw?eriiy yards in 
width. 

Thus far we have considered facts, whicli indicmie, wiili 
more or less proliabilfly, the increase of llie atoll in Its 
different parti: there are ©llien having an oppotiie leriib 
ency. On the S.BI side, faetit Swiivan, to wheme kindnesi 
I iin indebted for many mtmmimg oliierv«lon% fotind lilt 
conglo-Ri'Ciiti projecting on the ret,f nctrly fifty jrariii in 
front of the beach ; we may infer from what wc me in fill 
other parts of ilic iloll, tlial the conglointrale mm licit 
originally so tniich exposed, Inil formed llie Imic of an iilcl, 
the front and upper pari of which bm since lieen iwtpt 
ftwiy, Tlie degree to wlilcli the co.figlomcr;ilc, rotind nearly 
the whole atoll, lias fiten scooped, broken tip, tinl ilie 
frtfmeiiti cast on llic beach, k certainly very itir|iri»iri|, 
ettn on tie view ifiti it is the rilfice of mmmimd gilci t«i 
pile up fagtieilt, and cif the dally lidet to wmt ilititi 

Sii 
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described a l»ed of sand ami fragmetn-J wni» it 
out of it, in front of an o!«l k’aeh, is sum k 
SuUvan and myself, from tin: inaiifur in w!ii« 


indicating a slight encroachment of the w.tirt on the Jam 


ail 

both on its windward ami l 
trees falling with their roots 
>s 

us the cocoa-nut could not tiow grow, 
pointed out to me, near the settlement 


should have taken place within a lirniieti jieriod. From 
these considerations I infetred, that pwtiatity tire atoll had 
lately subsided to a small amount ; and this Inference mm 
strengthened by the circumstance, that in 1834, two ycari 
before our visit, the island had been shaken by « severe 
earthquake, and by two slighter ones during the ten 
previous years. If, during these subtenranean diiitirlancw, 
the atoll did subsi^ ^ downward movement must have 
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margin of the reef grew cither iipwarclfii or m I iM^lieve 
outwards, to its present distance from the heacli. 

Whether this view l)e correct or not, the thrive farts arc 
worthy of attention, as nhowing how severe t struggle is in 
progress on these low coral forfimtions bettween the two 
nicely balanced powers of land and waiter, Willi r«:?sjiecl tci 
the future state of Keeling atoll, If left tindisiiirbed, we can 
see that the islets may still extend in length ; bill li ihcf 
cannot resist the surf until broken hy rolling over & wick 
spee, their increase in breadth must ileinmd on the iricfcasifig 
breadth of the reef ; and this mial Im liiihleci by tire itecj'i* 
ness of the submarine flanks, which cart !.« adtictl to cmly 
hy sediment derived from the wear and tear of the coral. 
From the rapid growth of the coral in the chaiiiicl cnil, for 
the schooner, and from the several agi*nt*i at work in pro- 
ducing fine sedimenh it might be iboiiglit llial llic lagfKin 
would necessarily become quickly filled up. Some iif itti« 
sediment, however, m tran?iportcd into the o|iim sea, at 
appears from tlie soimdirigs off the motilfi of the lagoon, 
instead of being dcprMiled witliin it. 11te def»«ilioii| 
moreover, of seiliineril checki the grornlh of corabrtefi, so 
that these two agencies cannot act logelher willi fiitl cfkel 
in filling it up. We know m liitte of the btbitf of the 
iiittif different tjiecies of corali, wliicti forin the lagooii* 
reefs, that we have no nwre tmmm for iiipfifsiiig iliil iltcir 
whole surface would grow tip m quickly m the coral diil iii 
the sch0oncr<h.ai«ic!| than for Mipposing that the wliolc 
iiirface of a pmt^nmn would increatic m quickly pstH «ic 
kno%fn 10 do in hoks, where the peal l^^rri cm awiir, 
Tliei^e agencies, nevcrihekss, lend to fill up the lagwii ; t«ii 
in proiicirtton as it bccoines slmlfowcr, wo iiiiift ilit? j^ilypifor^ 
lie ittbjcci to many iiijuriotis ageticiei, swcti m lt«ptifc wain 
and lois of (mnl For insiance, Mr. lictl liiffiriorfl iiir» 


36 CORAl^mEFS, 

that some yea« before our visit uoututUf b»ff r*in killed 
nearly all the fish in the lagoon, and prolaWy the same 
cause would likewise injure the corala The reefs ;i!«, it 
must be remembered, cannot i»ossilily rise above the level 
of the lowest spring-tide, so that the final c«nv.rri»« of the 
lagoon into land must l« due to tl.e acciimulation of 
sediment; and in the midst of the clear water of the ocean, 
and with no surrounding high land, this process must be 
exceedingly slow. 


SiarrioK Smmn. 

Gmtral form and tiu ofaMh, tktlr mft and i/a/v. - 

Ztntof NttlHfora. — Cmfilonuratt.—lkptk of 
-Xttfs tudmtrgtd v>Ml/ or in im fk* fwf.- 

ftdjioformid them round urtaim h^oont.—Commim ^ fn$o»m 
into land. 

I will here give a sketch of the general form and •tfuctur* 
of the many atolls and atoll-formed reefs which occur in tire 
Pacific and Indian Oaans, co«ii»ring them with Keeling 
atoll. The Maldim atoll and the Gr®it Chagos Bank 
differ in so many rapccts, that 1 shall devote to them, 
besides occasional references, a third section of this 
chapter. Keeling atoll may be considered a* of mwkraie 
dimensions and of rcplar form Of the flt)ftytw*i idand* 
sarve;^d by Capt. Beechey in the I/»w An hijielaijo, the 
longest was found to be thirty and the *hortci 4 !i««a 
than a mile ; but Vliegen atcdl, situated In anolher part of 
the same group, a^^wt* to be sixty miles hmg and twenty 
broad. Most of the atolls in this group are of an elongated 
form; thus Bow Island h thirty miles in length, and on an 
average only si* in width (see Fig, 5, Plate III.), and 
Clermont Tonnere has nearly dte poporttas. In 
the Marshall Archfpd^o (the Raiick and Riwlack growp iff 
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Kotzebue) several of the atolls are more tliaii thirty tnilcs 
in length, and Rimsky Korsacoff is fifty -four httif;, and 
twenty wide, at the broadest part of its irregular outlaie. 
Most of the atolls in the MaUiiva Archipelago arc of great 
size, one of them (which, liowevcr, hears a double name) 
measured in a medial and slightly curved line, »» »» m -s 
than eighty-eight geographical miles long, its greatest width 
being under twenty, and its least only nine and a half mile‘t, 
^ Some atolls have spurs projecting from them ; aitd in the 

! Marshall group there are at<»llr uuitnl together hy linear 

reefs, for instance Menchiroil l iland (we big. a, Idate 1.), 

' which is sixty miles in length, ami consists of three iMop i 

; tied together. In far the greater number of cases an 

atoll consists of a simple cloitg.ited ring, with its outline 
( moderately regular. 

f The average width of the annular wreath may he taken 

t* as about a quarter of a mile. Capt. Ikcchey* says that in 

f. the atolls of the 1j)w Archipelago it exceeded in no iiistatice 
half a mile. The description given of the structure and 
;( proportional dimensions of the reef and islets of Keeling 

* atoll, appears to apply perfectly to nearly all the alolln in 

the Pacific and Indian Oceans. 'I'he idet* arc first foriticd 
some way back either on the projecting poinW of the 
reef, especially if its form be angular, or on the side# 
of the main entrances into the lagoon— -that is in both 
cases, on points where the breakers can act during gales 
4 of wind in somewhat different directions, so tliat the nutinr 

. I thrown up from one side may accumulate against ilui 

; ^ before thrown up from another. In Lulkc'x tliarl of the 

i Caroline atolls, we see many instances of the former 

and the occurrence of islets, as if placed for Itmcu 
■ the points where there is a gateway or hweach throui 
I * awdiey's r# //I# amf StutUi, shap* 


i 

I 



al<ill4orfiiccl reefs, l<i im «4 iiitt 

{lailly di*)* ai Iciw m'aipr, <jfi »lii*!i ff«4ii t '413 
tm?© never been bwiiiwl ; arid *itr a 

tliey have teen forineil, but. siilive^inrtilb/ br 
away* In aitilk nf iliiiirfe4f4ri ilic If 
tecom© iiniied inin m iliiglc <4 in^ 

itrip; but Ukgo Vmm, alitenr,b m mull ut rtm 


** Wt W at ft ttfttll 4teuwi liii «il, toy if ^ili, wikl 

loereaw^ a llltl# feifiiter m niiefc ttot m owW IW m 
_ ® I tt«»t te t 0 ttvf li - ■- : 
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llie slope round Cbri^mas aloll (lat i* 4' N.| IS7* 45' 
described by Cook,* is considerably less; at alioiil lialt a mile 
from the edge of the reef, the average deplti was aliotil ifjiir* 
t€cn faihoom on a fine sandy bottom, and at it miif, only 
between twenty and forty fathoms. It lias no doiilit lirm 
owing to this gentle slope, that the strip of land sintotiiiiltog 
Its lagoon has increased in one |>arl to the cxtraordiniiry 
width of three miles: it is formed of ridgn til 


but Mr. F. I>. Bennett informs me that the inciiniiiioii 01 llie 


alolk, the inclination is much more ibmpl ; Ihiii at 
licawandoo II10IO, Lieutenant Powel!^ found fifty mi mniy 
fathoms close to the edge of the reef, and at 300 yarilii iJii- 
tance there was no boilom with a leO'Vard hue. 


of the lagoon of Diego Garcia, he found no Ijoitom wiiti 








the bottom W3» invariably sandy : nor wj"* i!» re any 
to suspect the existence of submarine cliffs, »» there was at 
Keeling Island.* Here then occurs a dilfi« ulty ; can saml 


Mimeim fm- undr d timi iikat»ipt^ (Mug, 4* Iwt i»« 
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is riiucli less al the ciciremilies of llic inoro e!oti||atcd .ifiilli 
in the I.c)w Archipelago, Ilian at their iides; in *iiieafeiiig **1 
Ducie's Island lie says^ the liutlreis, m il uuf Im ralli:flj 
which “has the most powerful enemy (the H,W» swrll) to 
/ oppose, is carried out much furlheri mid wiiii atirtipi" 

ness than Ifie oilier.” In some cases, the hm kmlknikm of 
j a certain part of the external slope, for liislaitcc of the 

northern extremities of the two Keeling aloHs, is timmml tiy 
a prefailing current which there accuiiiiiklcs a lied cif Baiiii 
Where the water is |x*rfcctly iranqihl, m wiiliin a h%mm^ 
the reefs generally grow up perpendicularly, and 
even overhang their tmsesi on the oilier liarid, on llit 
leeward side of Maurilius, where the water is geiitrallf 
* tranquil, although not invariably so, the reef is very gently 

inclined. Hence it appears that the exiericir tngte varies 
I much ; nevertheless in the close similarity in form lielweeii 

I the sections of Keeling atol! and of the aiolk in ilic I. 0 W 

Archipekgc^ In the general steepness of the reefi of tlie 
Maldiva and Chagos atolls, and in the pcrperwiiciilaflty iif 
r those rising out of water always traiif|iiil, we may disiicrii 

r the effects of uniform laws ; but from the ccim|ilex teiiori of 

the surf and currents, on the growing {wwors iif the comt 


and on the deposition of sedimenl, we ctit by r 
follow out all the reiulli. 

Where islets have been formed on the reef, 1 
which I have lometimei called the *ial^ and 
partly dry at low water, appears similar in every 11 
the Marshall group In the North Pacific, it miy k 
from Cliaroifiso% dcficriptiun, that llie reef, wfii 
have not tieen formed on it, slopei gently Iforn llie 
margin to the shores of the lagoon: Flindcri tl 
llie Australian tmrrier has a similar iiieilfiilioii 

» fctilicy'i Vfij^agi, i|MHo «4, ^ ^ 



atii I liave no it « gcsirul <i<riifiri,i ,i|t|ii 4 i|i|i^ , 
accofdiiig li;j Klifriiljrfg, «il tlii? >i4 ii&r j 

ill c3cci’|)l4iti* C .*li-siiirvM'i ** If 4 cfili'i^ir i 

of the reef Cal \hr Maialiall »ioIb| un<h:r ihr bfokcf% b j 
caiiied hf a Nu'iiij»«rat «liir:li fmrt% ihr n>^wmrr 

ihi tmms Imi; iiodi iiti^lcr hi%<4ir4hk* t iifiiiii 4aiicr% 
mmmma Malirakal ajiplk- 

ibk to the roar gin of Keeling aiollJ Alih^m^h fJiaini ^uri 
does not stale that the mmm% of Kiilii|*^4;r fi.iiti }h4iiIs 
or a moond:, higher lliati ilio tin, 1 lirlictc iliil ihif 
is the case; for Kolietiiii?,* in aiiPilict leiri, of ilie 

rocks on the edge of the reef *^aa vi’-aliJe Im afioiil two 
feet at low wiler,*’ ami ihefO tmkn wt tuny fed ipite 
cerltin are not formed of true coral* Wiicihcr a ittiotilli 
confci moand of Nalli|iori^ like ll»i whcti a.|H«iff » 

* Firsi fwi. hi p l%4l« |■''«|a., 

In thi Cap i« Vtrdle Iik»«ii# m$mi t«.«llic liditil l;f ao lit* 
»^ietaMt $«rC wttt mkli i liftf d Utitlpfii* 








if ariificklly constmtAm! to pml-rri ili- 

Island, is of fief|nc‘nt «a‘urrt:fii'i‘ I kri^*»' , 

but we slnill |irt::a:nlly iiiecl willi ih nndrr , , t:>- 

same form, on llie cmirr edge? of ilm * 

encircle tlie Siicrkty 

There afipears In be M'arcady a fraiisr^''' pi 
of Keeling reef which h tiolof cv^nniioi^ if not «*t nm%^t 
occurrence, in other alolh* Thict «icn. a 

layer of coarse ccingbmerair, onCihlc ili«" c»bii p:*ipi 4 the 
Marsimll atolls wliirh ** appears on tis iippcr -mflam iwrsrn 
and etieii awayd* Frciiii clfawing:^ wiili approikd 
of Diego Garcia in the Chagoi grciii|i itinl of mveid *4 flic 
Maldiva atolk, shown me Ky Captain. il 1% 

evident that their outer r't:i;eai are itihjiict In tlie "*aicr 
round of decay and tommiimn m i\n$m of Krrlcfi* 
atoll From llie dcscripijon of the aiolln iii itic Faiw 
A rchifjelago, given in Clapi. ilrcKlir|'*s Gosece# it m 
apprent that any coiigli-niicralc coral^ocli. ilirtr 

observecL 

The lagorni in Keeling aioll in nhallow ; in ihr «4 
the Low Archipelago the tlrpih varkv #0 l*i jt 

falhoms, awl hi the Mafsliill gtoup, 1*1 

Clminfis^ front jo m $$ ; in the Cawlitic aiol 
a llille km Wiihin the Malcliva ilolk ilicm 
spaces with 45 faltioiiw, mi %oiiie loiiniling' 
clown of 49 falliorni* The greater pail of llie 
most laigoons is fonwccl of iciJimctil | large t| 
etaclly the same cirfilli, m itir tkplli vatp-^ m$ w 
that it m cvicleiit iliai no other tticaiis* rv<r|Uiii|| 
depoiitioii, could have IcvcHcd llic iMffof; e ri 

* ICciiffi«e% v«#h 1*1, p* 144, 

* fif« aiw llit mfdU ml tim 

ft#!, p 49^ 
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the Maldiva atolls this is very cofis|>icii«ius, an*! likcwi*.*: in 
some of the Caroline and Xlarsihall isUmtljt. In i!r l^jiiucr 
large s|)accs consist of sand and i«ft iitty, and K«tt/<hu*: 
speaks of clay having been found vfiUjin oik: of the .Mar diall 
atolls. No doubt this clay is t: ifcartr*rtis unit!, similar 
to that at Keeling Island, and lu that at JlcrmuAt 
already referred to, as unt!istinguish.t!>lc frtnii disiiilegtaSed 
chalk, and which Lieut. Nelwn says is olKd there piirc- 
clay.^ 

Where the waves act with iuw*<|»A! force on the two sides 
of an atoll, the islets appear to Ik first formed, and ara 
generally of greater continuity on the more c*j»sed shore. 
The islets, also, which arc placed to kewaid, arc in most 
parts of the Pacific liable to be wcasionally swept entirely 
away by gales, erjualiing htirticancs in violence, which blow 
in an opposite direction to the ordinary trade-wind, llie 
absence of the islets on the leeward side of atolls, or when 
present their lesser dimensions compansnl with those to 
windward, is a comparatively unii«p«»rianl fact i hut in 
several instances the reef itself on the leeward sidi^ retain' 
ing its usual defined outline, docs not tine to the iiiiface by 
several fathoms. This is the case with the southern side of 
Peros Banhos (Plate IV., Fig. 3) in the Chago* group, with 

* I may here idwervt that m the eoul of Mraiil, who# there i» r«»< h 
cont, the weadiBgi b«w Ih* kml ai# dmtiBwrl tiy Aitmirat 
hi the JVM du Srt$it, ai riUMwmi *a»iJ, »*»gM with iwh fiwly 
oomminulail ^wtiefet of itoito ii*d coral. Fotrhtr »w the * 

$l>a(Wof 1,300 i^ki id«»g the «*»*, from Wami* to 

Mertnbam, the bottom is maBy plMv* 1» “ «»* W*«*c. 

mei4 00 forml de aadrfpowa Thb whh« rttt^taaer, 

isMologoos'tothatwhidsoaonwHliltt the slio»«-n«im'>«N !4 
it 1« sotaeUiit», aowwdini to Roowda, fiir», afld be c««pfr» it to* 
nmUK.; 



Afoiirikii iii the Car^liite ? » 

liarrier^reef (FJale II, 1% j) ilm I- 


rlicf If at lir-si 1^4 tiy ii t 


iiM:rgi*<I {art ti mm tmk% in kagtli, ati4 bn i 
tlepili of at>c4il five lillitini^ : m n.mUrt- h 
consists of liaril none, wiili a thm riwamf, c4 I- 
Here is scifcely iny living ri>ral on rven <^ri 


suomergOT ficiriiofis, in ifit! %,mm tmnmt m m 
an ordinary imm§^ lliroiigli ilir trrf o. 

in oilier caifi ii ntariy or oyiiefafn!, and f.r.i- 
the lagoon it kfinpen; hr immim, #t Oiiilr^r 
Archif^lago.^ where a tmirnkhmtd rr#f 


proiMlily once nimwl MaiinmrioiiOi in ilio 

[%IagO, f»lb fh«!« m'xlificjiilcym r,( the icrf ectifut 


water on ilj for $. li’ngtH irf wore ihaw rttn^s on » .» 
southern side if ji o|ien and wiih-.iif »nf tref. nhiht ,.f, ? ^ 
other sides it i« Iwtindtd hf it icrf, s-. 

Kiirface and }»erfrri|y rliararf^ri-rt!, pm-i =y. r 

faihams wdTOrtj.!-,}, In »|,r. uJie ,,, 

annolar reefs, entfrely •,nt»wef;f»-d, «rtnr.'i ha**- !?.<- sa-.,.,*- 
strurturi* as thr ar.d *!<-f»hr,| |.^., 

f** • f '•* «< |,s.. »a 1-5. I 

the A»tM, 
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described. The .Six-aker's Bank frfleim an rscelkm ex3iu|»'.c 
of this structure; its centr.il expand’, whirh ii about J3 
faCnoim deep, is 24 miles across; the nmm\ nni i; of the 
usual width of annuhir reefs, .and i . well ri. loH d ; it h. *. 
between 6 and 8 fathoms l)Ciw,aih tie* •.ntf.n <•, and at the 
same depth there are scaitcrcrl ktudls in the larnon. {'.ip. 
tain Moresby believes the rim cotiMsts of d<M4 rack, thinly 
covered with sand, and he is rettain tViis f. the case with 
the external rim of the (Sreal Clrngos Bank, which is .ilso 
essentially a submerged atoll. Ju fwth •-. 10 .-,, as in 

the submerged portion oJ the reef at I’cros B;»nh«s, crapt-iin 
Moresby feels sure that the quantity of livuig cor d, even on 
the outer edge overhanging the deep se-i w,it< r, is <juilc 
insignificant. l.aslly, in sevcr. 1 l p,it!s of the I’arifie and 
Indian Oceans there are banks, lying at greater depths 
than in the cases just mentiomd, of the wu««" fo»m flo** 
with the neighbouring atolls, but with ihr’.r a!<dl bkc struc* 
ture wholly obiiieratcA It appe.its from the siirvey of 
Freycinet, that there are Iranks of this kiml in the Cimlinc 
Archipelago, and, as is reported, in tlm lu»« Artbipekgo, 
When we discuss the origin of the ddfermt da-sts of rota! 
formations, we shall sec that the nibniriged stme of the 
whole of someatoU formed reefs, and of portions of others 
generally but not Invariably on the leeward side, atul the 
existent* of mom deeply sulitnergcd btnks now powesMog 
little or no signs of Ibeir original al»l! like situ»1ttrr, srr 
probably the effects oft uniform canse,- namely, the death 
of the coral, during the suWdence of the an-a, in winch tte 
atolls or banks ate sitintted. 

Thra-e Is seWoro, srilh the exception of the ^fild-va atnIH 
more than tsso or three channels, and gr^iirr iBy only w»e 
leading into the kgoon, of sufficient depth for a ship to 
enter. In small atolk. there is usually not even one 
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Where there is deep water, for instance above tm^enly (nihmm^ 
in the middle of the lagoon, tine channels thrcnigli liie rref 
are seldom as deep as the centre,— it may he said tliril ilie 
rim only of the saucer-sfiai'ied hollow forming the hvHmn 
notched. Kir. LyelH has ohser%’ed that the grciwlli of ilie 
coral would tend to obstruct all the clianneh Ihroiigli a reef, 
except those kept o|Jcn by discharging the water, wliiclt 
during high tide and tlie greater part of eac:h elib m lltrciwn 
over its circumference. Several facts indicate that it cnri* 
siderable quantity of sediment is likewise discharged lliroiigh 
these channels ; and Captain Moresby informs me lliiit lir? 
has observed, during the change of the monscion, the sea 
discoloured to a distance off the entrances into the Maldiva 
and Chagos atolls. Tliis, probably, would check the grciwili 
of the coral in them, far more effcclwalty iliari a mere 
current of water. In the many small atolls wiilirmi any 
channel, these causes Iiave not prevented the ciilire ring 
attaining the surface. The clmnnels, like the wiliiiicrgrcl 
and effaced parts of the reef, very generally Ihciiigli not. 
Invariably occur on the leeward side of the aiotl., or cm tliai 
side, accc-rding to Ileeclicy,^ which, from riititiiiig In itie 
same direction with the prevalent wind, is not Itilly exposeti 
to it Faiiages belwee.fii the islets on ilic reef, tlirntigh 
which bmts can pass at high water, must not tic confciiiiiclrd 
with shlivchanncls, liy which the nnnylar reef llictf r4 
breaclicci The passages between the him cicciir, of 
cm the windward as well as cm the leewarrl ^ide ; tisil ilicy 
are more frequent and tiroader to leeward, owing ici llir 
lesser imemmm of the Mm on that side. 

A.t Keeling atoll the slioresof the lagoon ilielfc gmdiiatly, 
where the hollom is of sediment, and irrifgiilirly cir alirii|fily 

* §f c;r#%r, ml liL p. 

* iecclicy’f 410 «cl., wl, I p. 
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where there are corahrecfs; hut sbifi h !>y nn meajM the 
universal structure in other atolh. Cli.imi Hri,’ ‘iiirakiiig in 
general terms of the lagoons in the M »r\!)all atoli i, s.iyii the 
lead generally sinks “from a of two or liirtt- fathoms 
to twenty or twenty-four, anti yo » may jwr .s'.c a line in 
which on one side of the l»«at yoti in <y she hotitmi, am! 
on the other the azure hhic tlecp w tScr." ‘I h« shores of 
the lagoon-like clianncl within the !#arri< r rrif of Vanikoro 
have a similar structure, fajitatn Uccrlmy has deicril>ed a 
modification of this structure (ami he hi-lu vcs it i« not un- 
common) In two atoll* in the I^iw AtchiiJclaj'o, in which 
the shores of the lagoon descend by a few, hwad, slightly 
inclined ledge* or steja: ihu* at Matilda atoll,* the great 
extearior reef, the *urface of which i* gently inclined 
toward* and l>eneath the surface of the lagoon, ends 
8 lwu|glf m a liule cliff three fathoms deep; at its foot, a 
ledge forty yard* wide extend*, shelving gently inwai^ 
like the sarfecc-rcef, and tcmiinalcd liy a second little cliff 
five &thom* deep ; beyond ihi*, the lniihim of the lagoon 
slopMi to twenty &thomg which is the avfrage dejHh of its 
centre. These kdges seem to be formed ol coral rock | 
and Claptain Beechey says that the k.id oiten descended 
several fathoms through holes in them. In some aiolts, all 
the coral-reefs or knolls in the lagoon come to the surface 
at low water} in other txm of rarer occurrence, all lie at 
nearly the etme depth beneath ii, liut mrrtt freqtnmity they 
are quite irri^lar,— some with perj«ndii.nilar, noinc with 
sloping 8ides,>-80£oe rising to the surface, sod oiheri lyhrg 

* Kotzebtia't Fint iM. Hi- p. rsa. 

* Beeehey'* Vinmx*, 410 •!., v 4 . 1 , p xfm, A* 

Uand the hoitam of the higotm d«{«« groliuiily ii<e* ifotie, 

and then deepot* Kiiileiihr, th* fh® iMok perpe*. 

dleelsr. Thb bmfc b fmmA ei eetel »ti<I Owl dtrit* 


BLATEM 



heurthtdomu'w. JMuii* 
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at ail intermediate depths from the bottom iipTOrd i. I 
cannot^ therefore, suppose that the imicm of such O'rf-, mtiH 
produce even one uniformly sloping ledgt^ iiricl iiimli 
two or three, one beneath the oIIkt, and each termiiialitl 
by an al^upt wall At ^fatilda Islancf, wiiich oilers itc' 
l>est example of the stepdike structure, (aipiaiti lleerliey 
observes that the coral-knfills within the lagoon art* quite 
irregular in tlicir height. We sliall hereaflc^r see that tiic 
theory which accounts for the ordmary form of alollii 
apparentiy includes this occasimial peculiarity m llidr 
striictiire. 

In the midst of a group of atolls, there sonieiliiies occur 
small, flat, very low Islands of coral forinalicin* wbieh 




4- ^ ■ - ' ct ’ i " 

sediment and coral-reefs. Captain Beechey crilerlaiiis tin 
doubt that this lias been the case with the two stiiiiH 
islands, which alone of thirty«*one surveyed by him in the 
Low Archipelago, did not contain lagoons. EriiiiaiijetilT 
Island (in lat, 15* S.) is descritied by Chamiiiso^ m fbriiied 
by a clam of maclrcporilic rock inclosinga flat spiicei thinly 
covered with trees, into which the ma cm the Ireward side 
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The Maldiva Archipelago is 47 <^ lengfli, willi 

average breadth of about 50 miles. The form and diirn-n- 
sions of the atolls, and their singular position in a *lcnihk.* 
line, may be seen, but not well, in the greatly redmi&l 
(Fig. 2) In Plate III. The dimenHiom* of the 
in the group (called by the double name of Milla don idoii 
and Tilla-dou-Maite) have already been given ; it k M imli,-* 
in a medial and slightly curved Hue, and h less lliati ao 
miles in its broadest part. Suadiva, alio, is a riol^e atoll, 
being 44 miles across in one direction, and 34 in iifiollirr, 
and the great included cipanse of water has a cJcjiili of 
!)etween 250 and 300 feet The sinalkr atnik in this groii|i 
differ in no respect from ordinary ones ; but the larger mm 
are remarkable from being breached by nuineroiii f]eep« 
water channels leading into the lagoon ; (qt iiisuiiicct lliere 
are 42 channels, through which a ship crnild rriler the 
lagoon of Suadiva. In the three aoulliern large llir! 

separate portbni of reef between these cininrichi liave the 
ordinary structure, and are linear; bill in the other 
especially tlie more northern ones, these poriiorri are ring* 
formed, like mlnialtire atolls. Other ringToriiicd ri^e 
out of the ligoons, in the place of those Irregular m%m whkii 
ordinarily occur there. In the reduritoit of the cliafi nf 
Mahlos Mahdoo (Idate III., 4), it was ml fmtml rany in 
define the Islets and the lillle lagoons wiiliin ea* li rerf, mi 
that the rlng-formeci ilriicliirc ii very iinpcrfcclly iltmtii : In 
the large piiblisiied charts of Tilltaloii-Maiii?, the a|i|i#far.itir r 
of these rings, from jaiintiing further aparl iroin mdi 
Is very remarkable. The riugi on ilm margin arc gcriciatiy 
clofigaiecl ; many uf lliiiii arc three, and %mm mm fitr 
miles, 111 diariiincr ; thorn? wiiliiri the iagooii ire tisnalfy 
sintller, few being more than two inilci tcrfris, am! ilm 
getter imiinbcr allicr Icti Ilian me. The dc|#lli of tlic 
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little lagoon within these small annular i ; 
from five to iieven fathom , hut oofasiMnall)’ in rr 


; ;m<l in 


Ari atoll many of the ccmra! ones an: nm! xome 

even more than twelve fathoms ilcej). riu-M; ring* rise 


abruptly from the platform or bat It, on whi«h they are 
placed; their outer margin is invariably borderer! by living 
coral' within which there is a flit (.tirfacc nt coral »«wk ; on 


this flat, sand and fragments have in many c.i»« airumit* 
lated and been converted into islet*, tdoshei! with vegetation. 


I can, in fact, point out no essential difference Iniween 
these little ring-formed reefs (whith, however, ant larger, 
and contain deeper lagoons than many true atolls that stand 
in the open sea), and the most jierfrctly charackrised atolls, 
excepting that the ring-formed reef* arc l»a«d on a shallow 
foundation, Instead of on the floor of the oj«n tea, and (hat 
instead of being scattered irregularly, they are grouped 
closely together on one large platform, with the 
rings arranged in a rudely formed circle 

The perfect series which can l>e traced from portions of 
simple linear reef, to others including long linear lagocHn, 
and from these again to oval or almott r irrttlsr rings, 
renders it probable that the latter are merely mrrdificatitwi 
of the linear or normal state. It is ronlormsWc with this 
view, that the ring-formed reefs on the margin, even wlieri, 
molt perfect and landing furthest apart, generally iuive 
their longeit axes direatted in the line which the reef would 
have held, if the atd! had been hound< d by an endintry 
wall. We may also infer that tire central ring-formed reefs 
ate modifications of titose irregular one*, winch are found 
in the lagoons of ail common atcdls. It 8j»(»vaf« from the 
chans on a large scale, that the ring-iikc »lfnctur« is 

' Ctptsiu MtHWiby inCwim me Ihet b n»te o( 

the evmmonwt iiiailt on the oaler wergin, m It i» »t a»4f. 
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contingeot on the marginal clianneln or lii’iiig' 

wide; and, consequently, on the wlude interiur of llio aijsil 
being freely exposed to the waters of the iqm'i m-A, Wmti 
the channels arc narrow or few in niirnli*’r, allliouKli llie 
lagoon be of great srm and depth (as in Syadnsi), Uhtc are* 
no ring-formed reefs; where the cliannefi an? sciiiirwhal. 
brcadcr, the marginal pinliMns of reef, and llin.M: 

close to the larger cliannehi, arc ringdorniral, bill tilt* renlial 
ones are not so; where tiicy are broatlf'si, almost every 
reef throughout the atoll is more or licrfrcily tiiig- 
formed. Altlioiigh llieir jircsence H lhii?i aiiiliiigciil on 
the 0|>ermess of the marginal channels, the llirciry ut lliihr 
formation, as we shall hereafter see, m incliiclciJ in ifmt of 
the {mrent atolls, of wldf.li tiiey ftartn the separale {ifii 111:41:** 
The lagoons of all the aiolk in the soylherii part of flic 
Archipelago are from ten to Iwirtny failioms ejerfirr tliaii 
those in the norllierii |ari. Hhs n well exemplilicd in llic 
mse of Addoo, the scMithcrnmtisi atoll in the grmi|i, fcir 
although only 9 mik*^ in its longest diameter, ii liaM a 
depth of 39 falhmiv-i, wlrerier'i all the other Mtiall ai#il!* 
have coniparalively sfmltriw lagooie* ; { run aiiniifi ii« 
tdccjiiate caiiic for ihii dilkrencc in dcpih, fn ilie r'ciiiral 
and deepest |iarl. A llic Ibe hriiinni cofn»i4^, m 

I am infortieil by CtpL Moresby, of ilifl' clay (proifatily ti 
calftreous tnuci); nearer the liorder it con^kt^ of iaiid, iiiid 
in the c}sarinel§ tlirmigit the of hard saricMianii^i 
Kiiiflsloric, cririglcimerale riiblile, aiicl a hub* live rnraf 
Cloic ntilHklc tJic and llie line joining iu deta«^lirti 

pcirlions (where inlrrscnctl by ittany rhaiinelsh Itir 
ii ^iiiiy, anti il uk$pm aiiriiplly liiln mibiiliormible ikpilri. 
Ill iiicMl l.igficiii!i ilic dcpih k cimit-iikiatily gtrulrr in llie 
CCRlfCthaii III flic ciiaiitieb ; but in lllla-doti static, where 
llie fnariinil ringdormed reel# tlaiid ki MpM% Urn. mtm 
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deplh if ctrrkd Msm% ilic atr4l, hi»m t'm tlre|i>wiiitf 
line on one m«k to lhal m% ilir uihvt. I * li^^m 

onca again remarking on the :4ny/u.ir$i} ^4 ilKv,t -t 

great sandy and generali>M:riiii: 4 %*ij dir al??ii|iily ftf#«i 
the iirifalhnnittWe oceaiii wall ir^ r ^itulifril 

ant! its hcirder syfiiiiit*lr.iraliy hni/y'd w4a tiatifs^ of 
c:oraI-rcic;:k, |o:4 lipf-iing i*m ut Hr 4 , KMutAmm 

clothed willi vegetaibni ind each runuh,;, g » link iait 
clear water I 

In tfie soiilharii Maldita nf mh- di thcfr^ an: mim 
large orieii all the small reefs miihm ihf I »g-.' 4 ?r# mrm 10 
the stirfjtcei and are ilry at low wao^r s|sritig4iilrn ; Irnft In 
navigating them, there b m danger Irorii ^iihtiutirir liaitli. 
This cireumiitanre k very rcmarkiihlr, m %Hhm Mmit iioll% 
for iiislance those of the neihlrmrifig g,ioiij»i a 

single reef eonies to the tiirfart, iml in ifwi oih^i €$§m t 


an eqoal time' from Oji}iCisile tjo.ificf^ and aliiinnuh, a* I 
am Informed hy Caph Moresliy, itie wr^icily ate the 

...I..,. * .. 


think, be sKifely inferred from #cv»*Mt n-., wlisdi 

It is hardly worth while to ileMii, A% the Msittiy wtiwb 
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channels into the lagoons are almost invariably situated on 
the leeward or less exposed side of the reef, and the reef 
itself is sometimes either wanting there, or is submerged. 
A strictly analogous, but diiferent fact, may be observed at 
the Maldiva atolls — namely, that where two atolls stand in 
front of each other, the breaches in the reef are the most 
numerous on their near, and therefore less exposed, sides. 
Thus on the near sides of Ari and the two Nillandoo atolls, 
which face S. Male, Phaleedoo, and Moloqne atolls, there 
are seventy-three deep-water channels, and only twenty-five 
on their outer sides ; on the near side of the three latter 
named atolls there are fifty-six openings, and only thirty- 
seven on their outsides. It is scarcely possible to attribute 
this difference to any other cause than the somewhat 
different action of the sea on the two sides, which would 
ensue from the protection afforded by the two rows of atolls 
to each other, I may here remark that in most cases, the 
conditions favourable to the greater accumulation of frag- 
ments on the reef and to its more perfect continuity on one 
side of the atoll than on the other, have concurred, but 
this has not been the case with the Maldivas ; for we have 
seen that the islets are placed on the eastern or south- 
eastern sides, whilst the breaches in the reef occur 
indifferently on any side, where protected by an opposite 
atoll The reef being more continuous on the outer and 
more exposed sides of those atolls which stand near each 
other, accords with the fact, that the reef of the southern 
atolls is more continuous than that of the northern ones; 
for the former, as I am informed by Capt Moresby, arc 
more constantly exposed than the northern atolls to a heavy 
surf. 

Tlie date of the first formation of some of the islets in 
this Archipelago is known to the inhabitants ; on the other 



in this latter atoll Lieut I’rcutke f«ui»d a rcrf, aiwui si* 
hundred yards in diameter, whidi the iiativfs jmsilivcly 


It is now only partially dry at low water sjmi.f* itdrs, and is 
(in Lieut. I’renticc’s words) '‘entirely wivt-red with life 
coral and madrepore." In the notlhcrn i»»ri, also, ttf the 
Maldiva Ardripelago and in the Cbagos Rrtni|i, il is kiiown 
that some of the islets are dtsapiKtatmg. I'ljC native 
attribute these effects to variation* in the enrtents of the 


of change in the action of the currenl*i of the freat and 
(^n ocean. 

Several of the atolk in this Archipelago are so related to 
each other in form and position, that at the f<r*t glance one 
is led to suspect that they have CMriginatcd in the dissever- 
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Malilor* 1%. 4. ni/|* M tim ■*.-%%-;*k:;I pu 

wiicie lily iwn uf ihij Imm, if pfAm%m A tun 

HCI hciltoiri, liowi'Vt'T, wri-H fr#i 4 li«l lit lltc ^illi J 

lallioiiifi ; ill the wi<|rr rliiiiiiid Ih^^hutfiU dt 

:iiid llic* Boiillii:rfi ris 4 of tin ^ 

Ibiiiiil wiili 150 fM\mm% In afi 4 mmlM t 
rcitiliori ctiiriifils only m iht Icirni and imAikm «f iImj 


alllioiigli liirtii iiitli*ji mm a qiiarwr wni*?* nmn: 
struck at tlie dciilli of iti-a failiniiti ; ilic cJiatitii 
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lJut Ui** iniernscdiate " 

f.kmmfl, Hlwnkrcti Uyi -J. K'w ! than thnw 
wirrouinl any oiI.t in it'-c Ft: i-j’ •>( I'-jially 
tiinutnswns. Mah'o'i Malitl' O, :» m rvrry n 

in sn niKTinCtliatc a C'ln htrijn, ih d .1 hs.iy b; «<w»; 
eitht'r 3 . .3 n*;;«r!y 4 r -.< v, i-d into thice js»i 

or as aloll-i almnal an<i intdo^tciv < nun 

This is an in.iancc of a v- ly >: « ■- Mast^- of ilic «|»i 
dissuvcriticnt of an aloll, »nii a %'t\l r..t\kt mw in 
resjjccis ii cxhiliifed at Tillii d'Ui-Maiir In oin? j; 
this atoll, the fing-lormc»S rcifk ’.laiv.! so l u aji-irl fron 
other, that the iuliaUitanis have Kjv»’n diil n ut »am«; * 
northern and half*; nearly all the ri«i 4 '», w*or 

are so perfect anil stand so Si*!*arale, and ih" sjiace 


3 whole group of 


and it will hereafter tie seen, that the theory of sijl»*»deiu:i% 
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eiagserateci Its :i%h !i mmif lumikd mik», mt4 

anoilier line; drawii al angle-, lu lJi«’ a* rrre^ thf* 
broacic^4 pari, k ?4*vrfitr, Tlii? reisiral jail <^4r;iai uf 4 
level fiiecifl|’ Iiriwreji fmtf fifty 
wliiVii in «ai aU mitli t.r e%-'|}|itin ^4 

SMiiie liitaclie.n liy |!h; p v^l*v% nf ,1 »a't *4 Intnl itltlrly 

arranged in a I'iieie banka ?if' %a#4d, *4tib 4 

very liille lh*e enral ; they %'afv in lircatlili ir* 4 ii live tfi 
Iwelfe niilei, art?! «ii m average Ik %htmn iMlhmm 
benealli ibe siirbice; they aii* Imrilrred by ilie 'vtrr|i i!ijgfei 
of a third fMrnaw and iipi^r \mnK whirli hmm ibc tlm iw 
the whole, lliii rim k ati*.iiil a mile m 4 li, aiw! with tlic 



more tlian a lialf^drowfitil iloll” lint rif wfiat great 
4mmmm% mil of iinw eiil.faiMcliiiary m iitlerfial f 


i 


6o 




Wc sisal! hcuraftisr ls;sv<r l<i i <4s i4, r 1f<*‘.1s t!«- i:«s» «* •»! ilu 
»ubtnergi.'d cossdilioss, a s'..*!** « i-tnititm t'» < 'h j ho.m in the 
group, and the origin of sh- ■-i-.Idoi.hih* !. 

which hound the tKiiltal i-stpatiH’: !i'< 1 h «« 

be shtnvn, have tc.ulsed frons a <ai’. - . lo fiial 

which has produced the hifwoatistg Mahlos 

Malwloo. 
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Ckffiy reJimi^k #Vi /ifirm nfsJ #s/ - lfWf4 

idtpih 0f th0 -i hAtnmlt ih^ty-hfi fhf #r// i## 

ami etmt mt kru iifjsr.k. ■— I' '4#r4'i /|i ikf yp 

§/ iki #*/ 

ishmli,>---'Kumiir fif ithmJi tki mmi rif#/, ^•■■/lt##^irr»w/f 

#/ CWfiiVwik #/ ikif pfi^w4 I 4 

ih§ %kpi §f ihi mJpHtym: 

The term 'barrier' Iras !>««« generally apiilirfl to that 
vast reef which fronts the N. K. shore of Australia, ami l»y 
most voyager* likewise to that on the western rrast of 
New Caledonia. At one time ! Ihotighl it ronvemcni 
thus to restrict the term, hm a* thrse turfs .arc similar 
in structure, and in position relatively to the land, to ihme, 
which, like a wall with a deep mrmt within, encirrle many 
smaller Islands, I have classed them together. 'Ihe reef, 
also, on the west roast of New Caledonia, circling round 
the extremities of the island, is an intermediate form 
Iwiween a small encircling reef and the Australian harrier, 
which strctehc# for a thousand miles in nearly a straight 
line. 

The geographer Balbi has in eficet described those 
banicr rccis, which encircle mederalcly *i*ed islaiidf, !>y 
atlling them aioib with b%h land rising from within tlKor 
central expanse. Tlic general rcftemlrlanee Iretnwn the 





red* d llie tmnkf nnA aiQl! msy ih^ 

ssiail, litit acciiriilelf f<-!i.i^ r4 rlijift» ili^ l\. i. !i!ii| DiH 

rtil^w^ilatirc! «f4f1 It'* '-JhiWII fri c-;l|t.ii<| !fl j'Jll 

of tliC i*lftirliirf?, lirgiiifiiii^* tlrr f»| |L«'* lecf; 

mai'iy siraii^lifri*^ «fl 04:1 liti, atiil r,f»iiic 

iillifr orirlfi.:!<"fl ilwi 0* fh'^ Ifrikcfi 

llicri c^f'-4s n iiatfs'iw mMiim, hvv<m4 itif 

©CCIIII becomes POll3*"llly Iintllll5vifri;shic ; Ia; 1 i4i l\if Wf&t 
coin of New C' 4 i|:»i. Kent" hr.u 4 ;;<i liotoifti 

Willi i|o billMinriy al two ^!ri|v/ Imm ili^ o-tf; i# 

tiial ilic ilcific here miol lie neatly llii 

Malclita au.ills, 

I ctn give bole iiifortiiaikifi rcgaf«lftig ibe feitnl'. «f #ora!i 
which live m tlic oiilcr m^rgm Wliroi I % 4 . 0 cfl tlic teef 
at Ttliili, alilioiigh ii was low watcfi ibe mfi %% js i«ki violent 
for i»t lo «c It^ lifiiig mmm$; lint, aci'ot4isig f« wliat I 
lit^rd from icwiie ifitelligeiii muvf dmis tbry lesfinWt 
in their roinded ind litacclites fmm% linear on Ihr iiiirgiii 
. of Keeling M 0 II The tiiirriiie verge ^4 the fcrfi wlnclt 
w»fiilbie iMiwecn llie lirti'llni mmm at !*>w waitr, coil* 
slitidof tfoiinded, eontcir* artificial-IAc riilifcly 

CMleii with Niilll|icifie, aii*l ilisolately iiiwlsr iri i|i»| wlifel 
■ I have ileicrilml at Kecliiif ilnll* From wli#i I licmril 
.when si Taliilii and irotti ilit writhigs tif thr W, Elfli 
. »4, 'J* Wilki»i| 1 cendtti© iliai tMi jcciibar sifticmre 
" it co»iTOii .|0 m^. of' lilt tnclrcfeil of ll» 

:^Seciitf Ardilplap* 1 ' 1 ie «tf wiiliiii tliw mmiitcl m 
, fewkwilfr, hit tn tilremtlf irfr^iilar mirlffc* rtf it 
tlitn fcNgiiweii -lilt Wtti on llir’ frT nf Ktciiiii 

t attliiwiiki iimm wtei diiilt !#**¥€ itAnm% 

. t^etli« will! mmi tmm'kn m ihwi| itf f Itrii In # 

p$% toalptlvt ef iht l%t» 
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atoll, with wliicli alone (as there* ** arc no islrtfi on the reef 
of 1 ‘aliiti) it can properiy be crjiiiparetl. At Ilia 

reef is very irrrg!iLir in wlrlth ; Inst rotinil inniiy other 
encirckcl islaiich^j for inst-uice, Vanikoro or Chiriilattr Islarni!! 
(Plate L, i, and Flale I !., Id;e it is qnile n% rrqtihr, Hint 
of the *'ri!ne average wlilffnn^i in trtie Moot barrier*- 

reels on llie iinirr ride slopr* irregularly Itito lli*’ lagoori’- 
ctenriel (as llie .spare of rlrrp water srpnnfing the reef from 
the itic!iid.;cl land riKiy be callcdb but at Vanik oro lln; mrf 
slopes only for a sliort clifuanri^ nufi then lerfiiinaiefi 
aliriiptly in a siibrnafirie wall, forty feel high,— a Miriirtiiri! 
absokilcly niinilar to llial deierihed by C!liainis? 4 fi in llifi 
Marshall atolls. 

In ilic Sricieiy ArcIiipekigOi Ellis^ ilates, iliai ilie reief^; 
generally lie at tlie disLinra? of froin r$m to ©fie and a liiilf 
miles* aiirl, occasionally, even ai more than Ibree niiles^ 
from the shore. I’he rfittral mountains are genenilly 
Iwclerccl by a fringe of flat, and ofiim marHb|% alluvial 
lancl, from one to four luilrs in width. TIuh fringe corisi’ds 
of coral-sand and dciriimi thrown up from ttie i:*grwii- 
cfiiriocl, .1111,1 of washed down frori't tlie hills | it m iiii 
encroacliinent on flic c:l«anriel, itialogotis to iliat low mid 
inner pan of ilie mhrn In many alollf wtilcli is ftiftticfl 
by flic acriiiiiiilaiioii of riiafler from the lagocin. At 
ilcigokii (Fig, 3, Plate ILb in the Cairriline Aictiijmlaipi/ 
llif! rerf on the mhiiIi rude is m kii Ilian iwenly nilki ; 
oil ilr'f fdclei five; and on iltc riorih fftiiftcen 

tiiilcs lioiii till! ciicifclcd iiigh islatnk 

11iti iag<ioii cliariiieh itiiiy be cprnpircd in every rr^pt^i f. 

* r tai'tai* uH ihri »fid pnintw tk hf 

ilii! W, Ellb, m mlmkdih wmkf foil uf €mlm§ Mtitnmfim, 

** mi*l iti« Afim ^ ii§ #/ rl# 

hf Cipiilii Ihtftioiil p, 4 A 
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channel ; they generally occur in front of tlie main valleya, 
a circumstance whicli can be accounted for, m will lie 
seen in the fourth chapter, without much difticully. Tin:: 
breaches being siliialed irr front of the valleys, wliicli 
'descend indifferently on all sides, eKplainfi tlieir more 
frequent occurrence tlirough the windward side of barrier-* 

reefs than throiiglr tlic windward side of atolls, -for in 

atolls there is no included land to influence the position of 
the breaclics. 

It is remarkable, that the lagoon -chiinneli rciiiiid 
mountainous islands liave not in every instance been long 
ago filled up with coral and sediment ; but it is more easily 
accounted for than apficars at first sight In emm like llmt 
of Hogoleu and the Oamhier Islands, where a few iiiiai! 
peaks rise out of a great lagoon, the condi'tioiii scaretdf 
differ from those of an atoll, and I fiave already siiown, at 
some length, that the filling up of a true lagoon miisl be tii 
extremely slow process. Where the channel is narrow, the 
agency, which on improlected coa.»its is most prociticlive of 
sediment, namely the force of the breakerii, is here enlireiy 
eicludecl, and the reef being l>reached in ilie front of the 
main valleys, much of the finer mud front the rivert mm%t 
be Imnsported into the open tea. As t current if forfntd 
by the water thrown over the edge of aiolbformtcl reefi,. 
which carries sediment with it through the deet>water 
breaches, the same thing {irobably takes place in Imrrier* 
reefs, and this would greatly aid in preventing the liigcififi- 
cliannel from being fiflc^d up. The low alltiiuai liortler,, 
however, at the foot of the encircled mountains, lint 

llic work of filling up h in progress ; md at «\Iaiirita {Vlmt 
IIL, Fig. i), in the Society group, it has lietui almoit 
» tlmt there remains only one harlroiir ftir sntili craft* 

If we look at t set of charts of barrifr-rtefi, and liave onl 
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in imagination the enf irrkd land, ««• 'IjalS f >»4 tUai, l«r*Mes 
the many poinis a!r»a 4 y iwjiired of iririb'4iH <,i ratka 
of identity in strucHirc with Un-r.- i a * !*a« 

agrecrnenl in form* averti^e *in4i-u'-;'«r'., ■‘■Ji'l Kfi»Mi»ing, 
Encircling tonkr-recfsi, like alolK. ;o<- i-!..HKated, 

with an irregularly round-'d. though somriiu* s an,:M!.*r out* 
line. There are atoll# of all sir^** f»**!n lf.» t;i.in two tnite 
in diameter to sixty mile* (excluding riila d'<u Mane, a* It 
consists of a number of almost iiukia-ndMi! atoll formed 
reefs) I and there are cncirdittg bairu) r -.-i. fiom thra 
miles and a Italf to forty sis miles m detmeter,— Turtk 
Island being an itratance of the form* r, and lloijoku of the 
latter. At T.thiti the cndrclcd ishan 5 is thitly ?i»s tmlcs Sa 
its longcf.t .axis, whil’d at MBttioa it f* only a litt!»* morethait 
two miles. It will l>e shown, in the l.«‘.t chaj'O'f in thb 
volume, that there is the strides! rrn : mbl;»«c<* in the gtou^ 
ing of atolls and of cotninon island"*, and rnnseqiKnlly thefC 
must be the same retemli1.ince in tlw gtonidng of atolls and 
of encircling Ijarrier-rcefs. 

The islands lying within reefs of this class are of very 
various heights. Tahiti ‘ is y.omr feet i Maunm afoot 8005 
Ait'itaki .tfio, and Manmiai only 50, The geoloyeal no!>ir# 
of the included land s'aries s in tno it cases it is of ancirat 
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offers the best example. The central land consists either of 
one island, or of several; tlim, in the Society group, Kiraco 

I *« . rf’* t tf \ 


both inoderately large islands of nearly cciiial are 
indiidcd in one reef. Within the reef of tlie Ganiliier group 
there are four large and %mm smaller islandu (big, Si 
Hate IL); within that of lIOKoleu (Fig. 3, Plate IL) nearly 
a doxcii small islands arc scattered over the expaiiic of one 
vast lagoon. 

After the details now given, it may he an^ierlcd that there 
is not one point of essenlial difference belweeri «mciri:lirig 


wnen viewing, iroiii me liejgui:* m 
island of Kimeo TAmtlm^ mihln smooth water, and eticircle*;} 
by a ring of sricjw-wlilie tireakers. .Remove the cciilriil 
land, and an anniihir reef like that of tn atoll in iin early 
fiifige of its formation is left ; remove it froin llciklioia, and 
there remains a circle of linear comMskl^ crowned with tall 


is 400 miles in length ; and for a length of many leagtiet fi 
seldonn approaches wiiliin eiglit miki of the sliorei and 
near the soiiilicrn crid of the island, the space Ijclwccti Ific 
reef md the land is sixteen miles in widtin 1‘tie 
barrier extends, wiih a few inlcrrwptloris, far iiraily a 
lloastacl miles I its average drmmt from the laiifl n 
between twenty and tliirly miks, and in namn 
iftf to evenly,. The great arm of ih« set tliui indiiiJeil m 
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from Icn tci Iwciily-fivi" fjiiliafti-'-i , wiili ;% .mil) tiiit|.4ii ; 
blit towards the imillicrii mt% mime thi tml m f«fiiii/i 
froin the liliorc, llui tk*jilli gradually minr.ei in fi#rly, and 
In, some parts in more llian jaxly 

described the siirfoce of reef ai rumrJm*^ nf ii liard 
while .agglommie of tlifferenl kifidi of rnob foiinlt 
projecting points. The oiiler edge i’l the li%!ir'4 part; it 
ii traversed by narrow giillicf, and at tnleivali is 
breached by shipeharineli. Hie thrm ii 

profoundly deep; but, in front of ifie iiiaiti breaclicf, 
ioimdinp can sametimei be obiaiiifd low isleif 

have teen formed on the tml 
There Is one important |ioint in llie ^tiiriiirc cif liaiiicr. 
reefs which must here lie 'considcrccl 1*bc M-tmnpmyhg 
diagrams represent north and soyiii vernal xccilon^ talen .. ^ 
through the highest pointi of Vaiiiknro, CJatiifiicr^ and \ 
Matinit Island^ and ihroiigli their eiieitding rref^ 11« 
scale lioth in the fiorkontal and vertical dirccilon l» tlt«, 
same, namely, a quarter of an inch to a tiaiitol »ik* Tlit 
height and width of these iiltnili ii knowii ; anil I Imm , ^ 
attempted to represent tlie form of the liitd from ihc 
shading of the hills in the large publtthed cliaiii, Ii Imi ^ 
long been remarked, even ffom ifit lime of Ilaitiiiier, thit 
considerable degree of refttion witr.bii t^iwrcii ilie in* 
clinalion of that part of llit ktid which is tenealli water 
and that ateva lt| hence the clotted liiie in ilie ifiret*"’ 
section^ protebly, d«i not widely differ in iiirllfiiilfifi fmm 
the actual submarine prolonpiloii of the lawi If me mm 
look tt the outer edge of Iht retf (AA), iri«l te^t in iiiltii 
that the plummet on lit right Iwnd w|irt«iriii» a of 
I, aoo feet, we must eondudt that the tcrticii tliiclntitc# 
barrier cwtketll it ftry frcab 
* Wtifdmt # fhm tt4 II p* It. 





1 , frmn lli» n/ fhif hf ti. Iii^i-tllk, 

% Cliuiibii^r Iwktwi frum Ik^rh^’y, 

I. MiiiiriiAi frrtiii III# 4fl#i# Ih4 %/f^# thpuUh, tiy liM|j>'rr«y. 

Hit liwriwintel llwi In tti# Irmt iif llin pw, fr#wi ’^ekkh ♦»« II*# » 

|ilu*iiiiit!t flftwri^wtlji, r«|ir#ii«nll«g a, nf #*r kiWi fe#i I'lirt 

wrtfmi alinwlln^ iliows itm ritHmw rif l.ii#'4» »ii4 lli# lii»fl#,«.»fif#.t »kmUti$ 


llie di»|illi reprewritefl iiy irie pliiftinict on tlie n 
the woodiriit^ Hem liters h a groin 
how were the liaial piris of tliifie Imffitrorafi f 
will, fierliafi^ occur to ^.oriie, ilmi the aiiiial mi 

* In lli^ lifllt clit|4rf 411 Ivnt si#4 Wi^il Mcli'm 

ll<iliit^#lft iifiil III I iffkt k givett, f«f lift 

a»fl«r |»iiil. tim Iwe In It M»f* |] 

Kff#rc4 to; if h Ii4#m llic g„fh§ 0fik0 »f i* 

Il8|ifrrf Tk liepll* wl lli« Iif »ii‘€t»ntlf I k 





fiiril arc iiul iwnl liiiCKiK'v^, imt 1I1.1! 
pirtiwlli, the of cudfrlrcl IXmib 

CMlfii inlci, flin! a hfm4 !#ii| %h%\\<A^ 

lefti cm the cjC whkii tint runl In! 1 

l>cim the ca‘4% lint w*ml4 hnvr vt^n 

bmindcd hf lofty rJifik and htn ^ d th^ 

lagoooHdmnool, m it hi iiitny i \unri^\ 

mmmwi% iliccrtovj*'4 the ro^i 
a grctit dlilaiiee Iroiii the kml, kA%-4%i .1 
broad racial williio, raraiini ali'-f: litter r,iA^xp\ 
iiipi»liCioii rjf ihi* ^^arac naltirc^ and 
more |irobable» Is, that the %ptmr4, %tp fi 
of sedimetil, which had i^mnd 

picviowily to the gro%¥fh of Ih.c cor .4 ; but the 
of t bitk to ibe mtm %\i%umt: rontiil an 
coasii and in front <4 tlcrp aniw of ilif! 

EabtliSt see Plate li, 1 % 4) wbit;li |icitciiate ric 
fietrl of ioine eitcirtletl 1^ t:aicinlifi|-4f itiiproliatile 

And why, agtio* thoald the reef tpriiig up, in caa» 
Mcep on bolh lidcs like a wall, at a ditiaiice of 
or nnorc tnite fmin llie %hm^ letting a cliai 
between 200 and 300 feet df«|^ and rbrag froi 
which we hate rcaion to beliew to dtiirttctitt to 
of coral? An admission of ihto natwre cafiriol | 
made The extoten«, also, of the deep cliwiiil, mt^f 
preclodes the Idea of the reef having ifown c»iiiwird% m 
i fonndalion iiowfy tortned on iii omt idt, by tlii 
tion of sediment and coral dciritm Mor, agi 
lie awfted, that the fcrfliniMIni cnmls will 
excepting it a great dtotanct tmm lltt tamli 

^ Thile?- P. Tyi^iai^ mi Mo 

ml I p, aifl ha^kMy ilik tipki 

^ia ^ die rteii el tie i«i«fitlft. 




sliall socjii liR'rt: i;i iJ vvhok: yt r* i'l fillet? 

tlictr naiiie friJiii growing clys*/ly lUliicliitd 
the sea Is deeii) to the beach. Ai Mew Cal«’4oiii»i (hmt 
Plate III., I‘‘i:.|. J) ihit rerl\ wliicii run m front cif lint 
coast arc pfolongcd in the nriinc line i|o liefriiiil llir 

northern cxtreniily of llic iHlariilp and iliin nl-amn lliat 
eiplanation* c|iiity clilTercni from any of ilnisc ju^il -aiggcsleili 
is reepired Hie coiilifimitirni of lh%j mM tm each nklt of 
the submarine prohiiigaliori of New Calcdonk h an cxccitil 
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from their outer edges to the foiiiMhitiosi on whith Jhty 
rest (from AA i» the sectioti lo the <iujii-d liiv }, j.i tr:iUy 
great ; but in thi-s, there i . no .huseuhv, tor it i , not 
necessary to suj>{Mm’ siiat the coral h.v- jitinji', uph 'ioati 
immense dciJth, as will 1« evidem when th.- tl.-ey ol the 
upward growth of l ora! rwfs, thiring she slow inhadetwi’ of 
their foundation, is discussed. 



#/ J/s|» t f f( fl J . ■ ■■ . 1 . . , ; ! . ■■. 
«/. Cii y i It/ u ’*i,v » <• 

#'w ^^ 4 .% 

fffWit ■■'“=#/; # 1 ^ 4?; 4 ^ •, 
rf»./ .:•« 

mfmm .#/ ifj ..■■■. r>?*r. 
/firmm,f nff/. 

Fumumn-urvi^", ii;, 

foyagi:r% s}|frf4Mrrf%, 

a cciiiliiicfii, fiti^Iii fii.i i 
ill geni^wliy lviii|: * 4 ' k’:% l 
f’M m lilt* f.iljKrI?* K-s ul t|,-r 
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the outline of the ailjoininj; lnnl ; as, fo’ i?i xfi the 
B.E. and jweipitom side of Tahiti, wh- x she rncirtlin;; 
reef is iHlenupted. f)u the wc !<ro» 'ii«l'' «>! ti.o Manrilius, 
which was the only pari I visited, iii« wf fffn«-jj»15y hcsal 
the distance of about half a twh* Jtoin the ‘.hoicj l»«l in 
some parts it is distant frw« m*- to t^o, nnil rwn tliice 
miles. But even in this la i rate, a* th«- nw i hntl is 
gently inclined from the foot of the liXiDosaiui to itie aeaf 
bcarh, and as the soundings outside the reel indicaie an 
equally gentle slope bcnraih the water, there is no rcttson 
for 8 «p}X 5 sing th.at Use Imsis of the reef, ftjriJtcd by the pro- 
longation of the strata of Uie island, lies at a greater rkplh 
thart that at which the polypifcrs coukl brj-in t rrisiructti^ 
the reef. Some allowance, however, mu .t be made for the 
outward extension of the cotalr on a Priuclttion r»f ratsd 
and detritus, formed from their own wear, whii.h would give 
to the reef a somewhat greater veitkal thivkneis than would 
otherwise l>c possible. 

'I'he outer edge of the reef on the wi sscrn or leeward 
side of the island is tolerably well lU fmcd, and is a little 
higher than any other part. It chirfly consists of large 
strongly branched corals^ of the genus Madrepira, whir h also 
form a sloping bed some way out W sea : the kind* of r^wtl 
powing in this part will be described in the ««4tti«g 
chapter. Between the outer margin and tlm lieaeh, there 
is a flat space with a sandy Iroilom .sihI a t- w ntli» «4 living 
coi^l } In some parts It is so shallow, that |ict,p!e, bv avoid- 
ing the deeper hok» and gulik^ can wadr ncross n -»t h»* 
wst^; in 04tot parts it is deeper, Mtldwn however cscecding 
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ten or twelve feet, so that it offers a safe coasting channel 
for boats. On the eastern and windward side of the island, 
which is exposed to a heavy surf, the reef was described to 
me as having a hard smooth surface, very slightly inclined 
inwards, just covered at low-water, and traversed by gullies ; 
it appears to be quite similar in structure to the reefs of the 
harrier and atoll classes. 

The reef of Mauritius, in front of every fiver and 
streamlet, is breached by a straight passage : at Grand Port, 
however, there is a channel like that within a barrier-reef; 
it extends parallel to the shore for four miles, and has an 
average depth of lo or 12 fathoms ; its presence may 
probably be accounted for by two rivers which enter at 
each end of the channel, and bend towards each other. 
The fact of reefs of the fringing class being always breached 
in front of streams, even of those which are dry during the 
greater part of the year, will he explained, when the con- 
ditions unfavourable to the growth of coral are considered 
Low coral-islets, like those on barrier-reefs and atoll^ are 
seldom formed on reefs of this class, owing apparently in 
some cases to their narrowness, and in others to the gentle 
slope of the reef outside not yielding many fi:agments to 
the breakers. On the windward side, however, of the 
Mauritius, two or three small islets have been formed. 

It appears, as will b 6 shown in the ensuing chapter, 
that the action of the surf is favourable to the vigorous 
growth of the stronger corals, and that sand or sediment, if 
agitated by the waves, is injurious to them. Hence It is 
probable that a reef on a shelving shore, like that of 
Mauritius, would at first grow up, not attached to the actual 
beach, but at some little distace from it; and the <»rals 
on the outer margin would be the most A , 

shallow channel would thus be f<mQed the tti 
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m the breakers arc j»rcvcntc 4 .w.li»i 4 «>» Ihe i-harcf 
bland, and a, they d'J mil tirdinnily i<-»f wj- itw 
inents Itnm liw twlsidc, aiid as *;vi ry hai 

iirolongt'd in a suaiglil h»M !!ir«»ni’H ili'- »< «•!, thu 
could Ih: filled uj* only very shwly »i!li ^ -diuK'ni. 
beach of sand and of liagmrnls o! the uii’h t 1 
roral seems, in the ca -- of Mauntoi., to be 
cncroachinn on the shallow cbatsnrl On many 
and sandy coasts, lUo breakeri icstd to hirm a bar w 
little way from the teach, with 
witinii it; for instance, Cajil, (itey* states 
coast of Auslralua, in lal. 24 
aliom 300 yards in width, on which throe i 
of water ; bill within it the dep 
Similar bars, more or lc»» |wr 
In these cauies I suspect that ih 
doubt during storm* is occasit 
out by the (lowing away of ll 
line, on which the waves tecak 
Pernambuco a bar of l«rd iwi 
external form and beighi m 
parallel to the coiutti within 1 
caused hy the water thrown ovi 

of each tide, nm strongly, and are wearing away its inner 
walk From these facts it o 
within most fringing-reefs, ei 
•otnc distance fremt the land, 
away the water thrown over 
current thus pr^ut^d, would 
being fiit^ up with sedimeni 

* C*pt. Gtey's/wiwsf Tm M* 

< t have deietlM tys dmolar 
Mil. Ostutef t&(t. 



ifLiii'f f T« tliii l.'itl*"! I ;hii 

le fr:r*/jn,’ 'ri:i?h c^f thm^* %%lisr.li |iav«** iiti«!<‘i 

rent r!i'¥;ilciry fnt:>veiTi€iiM ; nut! thri rntM hmltf 
ai flat cM^t\ if ih*:* r*tiiHTr^ib« af lls^ very ^uWm 
irilfi land tiricl iiol fiern rfiiiiilrriifieil tn n rritnill 


ging^reef, if ekvairc! in a imtkci r::wicliijr»ri alwitr* 
of the ciiiglil ici |>rrirfil tht* ^ingtiljir 
a liffsad iltf tnmt »iiliiii a low mnimtl, 11m? 
if an ifitere^tifig p-KiknUmn lour rcnnsil ilie Ifaiirititi*- 
have iiiel wiili a ^iiriicinft cif kind i lie mf% 
oi i|yc LX. oil la 'iiicr diak\ mMprnw^mm^Wi 
..i Iarge» ii y ;t i lerrc urn d*f0.mmmwf oti 






iiiifirilli nwhce, %lrrw,:ii iviS', wc^ni it i4 i'mA Tlitf 

ttcfl ill tlirir k#4i-f <4’ k;44 rMA%lWktf 

iiimI in llicir upr^f ^'4 f 4| lI 

Cif Astnrji m%4 Mi4n^in4A, luuwl/ A rf Wf 

divitkd itil« irrr|n 5 !,ir l*c <lip| 4 ii.: 14 lullwi 

at an /4i4 in iht :a t.\ , I Hirfttl Ihit 

llie iiii|K*rlici*il |>.iri''. til ilie ti-A% wkj<!i k ivr lirrii i^jirsiicd 
tngellier wilh Ikt* j?Aiiiids they in^irr.illy imii 

fniicli mnre mn«li<k-il tif tlie waiiiif nf flir ihsi 

tlioici nC Matiriiliii. 

Many iilJiml!!* nm hf leA-t c|niu: 'niirkir in lii^ 

nf M'atiritiiii t but *•?« ; *.v|irfr tlir ';<4i fttf . 

iaclclcnly tin! rctfi an: mndi narinw', f, .'nnl ibi’ir linitei 
tttcniiinii fi-r-niii rfiiknl^y t^-nk |rnfl nn iLr Lij:U n^linaiini 
of llie ^nbmatirit a iirlaikn, wKnli, hm§ ,, 

sceii.1 c!m*s lint tiwi in tmk nf ibc b.nnrt tkm# Tte • 
fringing^recfi m «lttp riiiii’i $m fmqnmtlf ipsi itmrt thti 
from 50 10 tm yarcf^ 111 widili ; ili«y jiatr a iir^ily ♦itiio^ 
lard mrfice, icarcdy iitieiivcfrd at ^tjier, aritl 
iny interior ilioii! chaiiiirl, like llial ilioie frl»|ifi|" 

rtefi, wWeli He alapeatrr 111*1^111:© If* in llie kii 4 Tit ^ 

■ fragnitriii imn up il«riii| gaic-i fnaii ilie cane? ^ 

tre llirnwn o?er llit reef nit llie stiwr^ nf tlie i4$ntl I »if 
. life ii Inilanccf, Wait€0t wliete tin* irrf m fi<?«!i8lied try 
. 'Cook ti ten® t hundred yatch wide; iiiiJ Mtittf itii 


;.' * I atf #ti Cttl% Hi inmlicf mum^i %lh f/mfr/i 

J%*v if Msf ^ It, p 44^i| lt»§ iiip«iiwa ft i#cf letffrt > 

iillii In Itngik C#ll«ta md %>#*», wiitcfi , 

totlitiliari El the M litiwcttt l«lf »«'! tli« iUt 4 |mi| »l $ 

iftilt, mi mSmm a i|*t« ^ mjli # tm4f 

^ ifti tell$ ^ Wil, ^gf id lilt 

E .t dbi i^h ti $1* i«i| m t «#t Im |t» rw fkif <0^ < ^ v 

i| tilf |»ff . V'/ 
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Ellznbetli* M:\mh ^vhcrc il i:i only fifty y:«rilH in : 

the sea round these islands is very 

hriii-ing-rndK like fiarrier-reufs hath stirroiiiid ishitidn, 
and front the shfires of c!unlin?u)te In ilie churi'i is! ilie 
eastern coast of Africa^ liy C)w^-n, iiiaiiy rsiensive 

fril1gil1g“ri*ef^i are laid down thii?;, tor ;i s|»ar:e of nearly 

forty niih‘s, from laL i*' 15' to i” *15' K., n reef friiigr!i 
the shore at an average distance fd rather more iliaii one 
nailej and ihen^fore at a greater flisiance tlian h miiial irt 
reefs of this ; but as tiie coast -laird h noi loj |y» aiiii m 
the botlom 5ilioals vary gradually (the i:h'|ii!i liidiig only frciiii 
eight to foijriei:?fi falhomu at a mile and n half oiitside lliit 
reef)* it*i i^xfcinu’oii thn% far from the land offers no diffieiilly. 
The extt'rnal margin of this reef b ckMCrihed m h.iriiic!il of 
|)rojcciiiig points, whhin wliich ihere l?4 a npmx\ from mn to 
twelve feel with iiaichra of living coral «iti it At, 

Miikdcesha (lat, e'' T N.) **lhe port h fbriiicdd* ll i'l 
**liy a long reef extending osiward, four or five 
within which there h a narrow channel with ten to iwelvc 
feel of water at low i:ipring 4 kles 5^* il livi# al ih?: liiilattce of 
a quarter of a mile from the shore Again^ in the fihifi of 
Momhas (lai. 4* S,), a reef extendi for lliiriy-iijc milc'f, ai 
the distance of from litlf a mile to om mil# and a cfiiarfer 
frofii file sficire | wdiliiii it* there ii a channel nitvipbfo “ for 
canoes and suriull criifi/* Imrnmn %m and fifteen foci deep t 
oitiide the reef ilie depth ii ^hout 30 fathonii ai llie cli^itance 
of nearly half a mile Part of this reef Ii very syfnineiricil, 
tiii hi« a liiiiform hrcaclth of 200 yard% 

ITie coisi Ilf Braiii is in inanypafls fringed by reeft* Of 

* Itaiiil Ii fkierltiei hy totJ llyroii |j| |}i« /I/##./#, 

w*l Elkalicih hlafi<l hy C&pi. Hcrcli^, 

* C>w«ff « A/rim, ml L p. ||f* fraai whlcl wmk ilie f$m 

mu ilfetwiit 




So 

•ioiiic ti*ii tif’ comI % fliof?* 

pea? I.i:i!iia and in (tmn u{ l^tmmhnva ; !,nj! .1 f‘-wiii,ta 
SOIllIl rif this hllrf ih-e tKcf rvKff 

Itim lliat I * ;rii lia?<l!v il i‘* *4 # nral ; li 

rims ai the di4.4nr<^ nf of .*1 iti4c* lr«iii ili$ 

Lind, and wiiliin ii tin* rL’|n,|| ii ifftm to iiiirrn fitet f 
was as^nrnd by an |»il 4 tlai it r?»rifi L'raiices and 

Maccin, the cinlcr |iarl of the mti nf liviiif, iwtl, 

anti the inner nf 11 whiii! fnll of ifrei^ilir rafiifci, 
comniiinieallng with ilie Tht lioin ?n of tht* wa off : 
tfie cciasi of llraii! slioals gradiiillylfi :|.f> and 40 

fathoms, at tlio di^;lanre of Immnrn nifii? nn4 ii-ii leapifi ’ 
from the land. 

Frofii the de5-:eri|iiion mm giyeiii we tmr^ r-inclii*lc that 
the clitnenikins and ^Inirunr of Um%m;i ilrpeinl 
enlircly m the nrffiier i»r hm imUmtiun cif die 
slcifx^, conjoined with the fiet, that rc^fltiiildlfif fiolfpife».' 
can eilit only al litnilc«l tt Mhm% from t!ii% 

that where the sea Is very m hi iln! IVriian Gulf 

and in prti of the Eail Intilaii Arrhlp^^;m% the reefs Imt 
their fringing cliftracier, and npimt atnl itrcgii^ 

hirly smtiered pmdm, often of etifiiideralih^ area. From 
the more vigoroiw growiit ©f the rural m ilic itiiisidr, a«i 
from the condiliotw teitig Icti favoiifalile in %cf rraf respcii 
withlfi> such imefs nm gtnerally higher and prfret i» 

. Ilieir miri'intl Ihtti in their reiiiral fiarti : lienee titrie rerfi. 
•OT-eliiaei iisome (and ittii cireiifn^ianrr ciii^fln mi In 
oferloolfd) the apj^ratict of iiolls; Iwi thry liiffer from 
atolls in their centml tipnse licing iiitndi Ini iiet|% Ii 
:tlii{r form, being le^ dtfmtdi and in Irinic Irmi on 1 
fonndatlon* Bm when in i il^ep ?iei tmk 

. * fcf Biioii leertto'i MMi A ftfi4 mx^mpmfmg 
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banks of sedimerii, wliich have acciimuktecl bciM:alli lli^ 
surface, round eitluT blaiuls or ?»iii.jniergcd roc:k% ilmy ;iic 
distinguished with difliciiily on the one hand from ctrirircliiig 
barrier-reefs, and on the other front aloihe In llie 
Indies there are reehi, whicfi I whonkl proliaiily hive 
arranged under botli tliese rhiB-Hei, had not the exiBliuice 
of large and level liarikn, lying a lit tie henealh llti; Biirfaee, 
ready to serve as tlie h«iHis iat ihc attachment of enfiil, 
occasionally lircitiglit into view liy the entire or jiiirtial 
absence of reefs on them,— and had not the formalkiit cif 
such banks, through the aecymijlalion of sedinieril now in 
progress, licen juifficierilly evident Friiigirig*reefi some* 
times coat, and thus protect the toiincktioiii of iilatiili# 
which have been w^orn down by tlie surf to the !cvt?l of llie 
sea. According to Elirenlrerg, this hai been cxiemiivciy 
the ease with the inlands in the Red Sea, wliicdi fortiierly 
ranged parallel to the $»hores of the maifilaiMl, with clitep 
water within them; fience the reefs now coaling their \m%m 
are situated relatively to the land like ljarrier*reehi, alllioiigh 
not belonging to iliat class init there arc, as I lielievr, In 
tlie Red Sea some true barrier' reefs. 'Ilte reefi of ilii» sra 
and of the West Indies will lie detcriliecl in llie Afifitiidix, 
III some cases, fringing-reefs api^ar to be coiiiiclcrabty 
mmlified in oiiilirif liy the course of the prevaiting ctirrcnis, 
JJr. J. Aliati inforins me that on the tml coast of Madagaiciir 
almost every licacllaiid anti low point of sand hat a mral- 
reef citeiidiiig from il In a S.W. and UAL line, paratkl to 
the ciirreitls on llial ihore I should think the ififiiicnet cif 
tlic curreiiis chiedy comisleil in ctiising m enleniiifiii, In a 
certain direction, of a proper foyndation for ihc atiactiitteiit 
of the coral Eotinii many inieriropkml lita«d% for iiislaitci^ 
the Abrcillicii fin llic coast of Braii iurveyed by Capt* 
Filxroy, and, as I am Informtcl by Mr* Cuitiiiifi rciiititl itie 

iyi 




ti t 


Ftiilippiii€% the of ihe sra n nwinl hj 

irregular niattes wlM-rli Miirii nl' jaigf,* 

do iiol reach the and hufii jiffi|Mrr 11ii$ 

tiiiisi he ciwirig, cither lr» tmulftrh^m ut ta llit 

atecfiee of ihf»e kmh of mn^h lan wiiheiaul the 

breaking of llic 

The itirri! clvse^, ;%uM 4 mmml, hMtirt^ aii 4 friii|iii|. 
■reefs, logellier with ilie munUtit^timn jicti ilc\ftilicd lif 
the ktler, iricltide all the rewarkabk rriml forni^ilbin 
iiiywlitre exiitiog. ht the mmmntrmumi of the Itit 
chapter in the vohimf, 1 dr tail flic pflfirlplei 011 

which the map Cl’kii? V, 1 i« adourril, the cicepti«il 
CMCi wil! be etiumeralcd* 


1 

! 


the coodllicifi»i tu %\mf u* ibr 

of their gumih,^ a(ul i«, Ujc ti j»jt( a! ibry 

foriinetl 

Tlieic sttliji?ri?i lm%^^ :m imiwMmm braring cm Hir 
of llie origin of tlw $liilrfvni dmm t^rh 




Ob the iiiMimiim ef .mJ m f%t .■ 


Witli regartl to the limai »,f bihiKje. over *1,,, !, 
reefs extend, I have noihing »»< w Ut a,li|, j be ||r,iw„4j, 
Island*, in 3a' tj' N., jj |ti(. fi(,ij,r.4 
die ciinator, in fth^rli they 3j»j«-4f i<, r»nt ; ^n.t n |.** 
I«cn_sug^;eMci! that thrjr eMen,«.f, %, far norij,.*,.! ,,, 
this instanec is owing tn the warmth »,( th,.*;.,}? Huc.ut, 
In the I'aeifir, the C.lirm Isfamls, m Sat jf- s t 

?*"*.? *”** •■' •’»»» m ar "w 

situated H.W. ,d the Sandwirl, }„ 

phwe cwalwefs do not exiPmlwfar fwmthr r.p.^s,.,, .1 
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lii^yiitifl Ihi! llm^ (A llm impks lint Hmmmtn /%tirfil!i®% 
tin the m’e'ilerr’i shnrr’i <4 Ais-lfitlja tii l.ai> a*/ .H,| art M 
cririil frirrnaiion. 

I1te |iraxii«ily of V-^ikaiiie latid, ui llie lint 

generally evoked frmn it, l#rrai ile-'ti, hi i^i he f^mmtdiU 
III the Inertase of eoral lerfi, I'liere h*mr\Tf^ ipil fiiuch 
IciiiiicJalirifi for lhi« view ; for oowlitfr art rmMhmh norc 
citcfi^iive lltflii oti the shoriii of New i!;ilr‘4ofii:i^ ttii of 
itorlli 4 *a!ilt?rn Air4ra1ia, wliirli r<4eii%i of jtimiary f^riietiionii 
and in itii? httgenl gmuin of iiarnely the Malii 

ChagoB, Chlhm, and Low Ardiifiebgoes, Ih 

ii no vokanit or other kind of rork* ei^rejiltiig Ifiil iifii 
of coral 

Tlie enlirt ali^cticc of corat -reek in ccriaiii Itrge ir 
wilhtfi the tropical »ca% It a reiiiarkahk fact *rhiii 
cortl-recfi were cibicrved, diiriii| the ^iirveyiiig voya®n 
the Mmgk iod her ^rtndtr on llie wir^l roait of to 
America noiilh of the cqaalofi or rtmtid the f lalap 
Iikndf* It appear^ also, iliail llitre arc none* riorih of 
eciimtor; Mr, IJoydi who iattcfed ifie liiliiiiiw of Patiiii 
remarked to me, that alihoiiglt lie had %mn roral* liviiii 
the Bay of Panama, yet bt had ficvtr olivrveil any ri 
formed by them I tl first tllrihiilefi tliit ih^enre of in 
0 tt tbt c«sli of Peru and of the <#ala|m|iw I^laiid%< to 

^ I kift ten tliil lilt Ii llit raif* If i 

mi oltitfs wlio h«f« hi4 atnplt 

* Thf lettipwaiafi »f ih# iurfie# w-* » 

hf tile tlifectkm ©f Ca]^, m flit %hmm nf ilw t’kliii 

lilanrli, heiween the tiili ©f Hepif^wkr ia*i ili^ f«li r#i Cldi 
Piikft Hit kw»! te«|WMl!ii# tiWited wm |i\ 

Ihi i©«itti mmt tai ^ Alhtmaill Itlifitl : tiiil nm ilif w#»< «4 ll 


Wt«4 il w« ii* «iitl i|*. Tit# k 

vm Itt the hm ^ §114 ttfii Tilwtl* *ii 

fuadt m lit Bmgk, wm Mnkm f#>i« 




coldness of the cisrren^t from the Hoiith, tml ihc Ckill cif 
Panama is one of the holicHt pdagie flinlricts in the worltL^ 
In the central parts of tlic Pacific there are iHlaiicIs cntirelf 
free from reefs ; in some few of these <‘a*4ci I have tlwiiglil 
that this was owing lo recent volcanic a< tian ; bill llie 
existence of reefs roiinil the greater |Kirt fsf Hawaii, iiiic tif 
the Sandwdeh Islancls, slifm’H that recent volcanic aclion 
docs not necessarily prevent their growth. 

In the last cha|)ter I slated dial llie lifdtom of ilie sea 
round some islands Is thickly coaled with living coraHf 
which nevertheless do not form reefs, eithr^f from inHiillicicnl 
growth, or from the species not being adapted to conlenci 
with the breaking waves. 

I have been assured l»y several peo|»lc, that there arc iiri 
coral-reefs on the west coast of Africa/'^ or round the islanihi 
in the Gulf of Guinea^ I’his perhaps may lie altribiitcd, 
in part, to the scdiiiient brought down by die many riversi 
debouching on timi coast, am! to the extensive rniid-lKiriki, 
which line great part of it. Bui the islands of St 
Ascension, the Oifie Verdes, St l'*aiilH and Peniatido 
Noronlw, are, also, eriiirely without reefs, alitioiigh ititey 
lie far out at sea, are coinfMised of the same ancient 
volcanic rocks, and have the iaiiie general farm, with ltio»e 

cf|«ator| 77 the Hwci»l aay day 7i‘5\ Thmwkm we Imm 

litfie fi cliflcrcnce of f *5* in umm wid tB* In fulitriwa | 

a ililiereiite ilw«l#ikw tpiie itdfkiciil lo affect llic disliihutloa of orpiite 
hmign, ill tlic twii 

* liamlwIcIPs Narmtht^ vot vii. p 4j^. 

^ It iiiiglit lie coriclwflcd, frtim n paper ty f"apt. Clwcii 

foL ii p, %), tliat Itii rctfi off' C.a|i« Si, Amie i«i ili# 
hhetlior©* Idawls mem of comi, tliltottgli ih€ aailior slalfi lliil Itity 
art mt purely ©iralllne, ini I litv« i«ircd hy Ll«y|, 1 liillainl, 
E.M*, that llitM reefs «« iitji of mmk or at ilial llicy dt# not it 
all rcsciiiMe those in the W«i ladii^ 
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yam! I in iIk* f r^i-^ '«uri 

liy i^ii^afllk: mall’* rAiiA]t^i\ iht* i 

llrriiJiiila, t!irf<* I* tvit a '^-n/h *^- 4 d]i*ri m llie 
fi|Kli«e «if imt Allmlrr ihe,,n If pnh 

sa|lgrf*tcil l!;al tlw ^4 « nt Inw^ ill i 

iwrln «f iW may Ihr |at'vr4<«‘ <4 

ihh caiiilQl llm r;tM% at A^^rnai-ai* lim mavr’t i 
l« rxcc-^^ |frrn‘|a!al« a I'-i* 1; In'^a *4 r4k4ir<i'ri tin 
Ik? Iitlal m'k^; am! at m ik? Vnpz 

rarlmnaie «?f htm tt^4 fiiily r, .-iikmiilaiii tlj*? ^Iin 
it toms the chirf jiari nl fion^r iijitar^^al |fci.! irrtiiij 
lilt* a{»j>art?l1lly iUhttihrAlm^ lLs.arl<.4r| a 


lull as th«t ?fiii4y of t!it* itarrarial ami lnf«f kiiowii talf uf 
tfie wiirlrl iitusl i:c»mi’'iii''r cfrry on*! iliai «« *4aiiiifi caplilt 


\m\m supplying ilm plare of ilie frr*f'lii«!4itig 


Hiring t&ml The relations tlicfctoep wliit h ilclctfiiiiit Iti 








another : thii«, lii<' I’-wfir* w O. .- m 

as barren of mtal rr.-b. ; " tu.- AVan'n t*..-4, s*; aMir-nf 

mir being able to aH‘,.g« any « .«.•..■ I««r -.r.. is a 

change. ^ ^ . 

ll 11*15^ llt'Cn a n«4r$ir Il4!isr*l;r.5%, 

of a reef m nvM favowiitih* l« ite i:rf*attt M 1 

great mounds of livmi- I’eritr^ and *4 Milb-i.'.s4 
Keeling atoll orrur «s»:ls!sjvely ‘m «!.<- r-stsnur v^fsr *-* 
:,/ the reef, whi.it i«t waslii-.i Uy a isi. . -■■ <4 

i* breakers; and living rood I'.i'Hti 

:| tl,c Marshall islands the larger kinds sif »«.ra5 (. iiK'tly 

species of Astriea, a genus ailiwl !*» Toi.n .) "nld. o 

form rocks niea nting wvetal tashonis in il*'.' kisni, ” p»ri< », 

I according to Chamisso,' she most vM#!''!it "off. I lva*r 

f stated that the miter niafKin «»f the Mahhva ai<4h «*n-sr is 

I of living corals f iome of which, if not all. are of il»e saw*' 

I species with tho e at Kediog «lo!l|. ami b«fe the »‘«t n n't 

• tremendous, that even largr •<hips has'** ticcii l*y a 

single heave of the sra, h gh and dry on the teef, ait on 
.) board thus escaping with their live*!. 

‘J, Ehrenkng® remark*, tlai in the K«-<! .Sra the 'in.o,;^-4 

corals live on the miter re'^ts, and appar fo h«vf iV not, 
he adds, that the more lirainlied kiwis alwwnd i» hiik way 
; within, hut that even thru; in vidl nime jrd jda* ri 

beemne snialhr. M,iny other faiis l»avi«|| # s»wi?ar lend 

i eney might la; addueeil-* It has, however, Ikcm rhnshted 

?/ 

^ /f f I# ii-l m, |.f. I ll„ ||| 

I r#llr## Mffff, f. 4*1, 

1; 1 III I lie Wfs,| in4fn»^ BM I Bm If Ifit4 If ^ ^ 

if h tir *nmmm »4 #l«l» ti>*‘ frmU^ 

I' llml ilnr mmi^ ulitit kf^tf pp p&c 4f««|| #1 11 %*^ 
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by MM, Quoy and wlicilivr any kimi pf tpliI rati 

efeii willmiind, much kns fl^iiri'di m, ihr lifr^iktfn «f an 
ojien they affiriit that the liilinjiliytci 

floiirtfih wily where tlw water i% irafi^ftnh and the heal 
inlcnse. Tliiii staiemeril h,t.^ fr^eii wie genhi^iieat 

work tci-ififilher; nevrrihele’^H, tlii* inuimium r4 ilie wlwle 
reef iiridciiibiecily k diie lo llicise kmi% of rwrah wliitdi rrtiiiiot 
tnht in itie ^iliialiriiri iliwighl iiy llic«c iiauifalisis in tic 
most favourable lo tliem. For Tthaiild ilic cnjicr aticl living 
margin perish, of any one of llic many low ror;il4Mafid% 
round wliidi a line of great breakers h mc&Mtlf kmmm^ 
the wliole, it is ioareely possible to dmih% wniikl tie wailifd 
away and clestrciyed, in less limn half a eciiitiiy. lliii the 
vital energies of the rorali eonquer llit* nirfliaiiiai! fwiwer 
of the waves I and the large fragttieiils cif reef lorn up by 
every itorm, are replaced by the slow bin ^leacly gioirtti of 
the innumerable polypiferi» wtikli form the living lonc on 
iti outer edge. 

From Ihete faels, it Is tmm% that the iiironge^l anti mcBl 




rmji 


f 


0 ^ 

1 ,>i r 

r.h.^r.- 


tlie fical liiteir.r 7 lw i:-^- 

the cirmmimiml vt-jv i.j-i'.? ii--, 

Sea alone, no kimh, I - ^--'=-. 

observed 

The lariii: mthur lia % |ls4f #r 

from a steep %hme i% n.r-, .^v h» 
allhoiigli wave. !ir#%iliin,; ..v t 4 ..r.- - :’ 

also Slates, ifiai mlwa- tln-ie r. m .. h v- .? . , 

to lie liable to tic nifivcil In* ihr %,,vrv, 

coral; and i colkei ion r,| 
on a sandy iiliorc ilkd rn r<.'if5.' 4if 4 
eicperfiiiefit, lifiwrtcr, wili |.^ t^:4ir4'Ll 

some large ii-Kwsr.i c#f livififf c^i^l 

after having iK'cn stoukI Uy .,uj.r» ,.n ^ 
loose scdimol should !« iojr,sr...,n i« j.,,-.. ,«■ 
appears, at first sight, pro?, aide ; ^,,4 . ,4,.,v;-C».’ 

ing off Keditjg atoll, a»j 4 ,.,s;i il~ V., 

Mauritiud, the arming of !},« p,,4 ^ 

where the cr«| growing ^ 

stance has prohaWy ' ^ p \ 

actwdmg to fapi. fhv.-».n» 
tants of the M thhvrt aoi:.. oamrir i?sa! , .,{. 

Sr,;’"’rtr '■"■• "h ■■»••---'■' -"X- 

™-d j v,;“,;.;„:x;C 

/mtrn^, vgl. i'p m!’* , 


n -^ fi: . 


ft t 

lUl 
>' %fn4' 

!'»• 4,#’.^ 



rorab, bill mtl *m iIk? hti-mrn itml f/ttijr# aii4 

l!irrcf<irf% ill tin? ftiriiirr l^r^iwib «#f |!^i! ctiral 

tiiighi Int lliii^ 

III flic hthi i:'li:i|'«ti'r I rrriiirk<"4 thil ftmiimiiireh ire 

iiiiivrfially llii* 

Mmi anihori li»wc aiiriiiinril ihr, f:-ui la iii|iirkiii4^ 
of llii? ffi^h wairr, rv«’n wiKrr it roirtn lln* m;i rjulf 
Ilf aiifl dmm% *i p.ir! of yrar. Kf> 

doiilii brarki*.li w.ilor woiikj jjO;voiit m irt.iil i!ic |/,rf)wtli 0 f 
etinil; but I Ix^licvct lliai th* iiiu4 aii4 \mil wliidi ii 
cK*|io^ileil» cviui by rivii1ct*» ^ iriiii:fi m^ire 

il'tkiefil clirrk. 1'tiu mri rm radi mki nf ilii! diarintl 
iracliitg iiilo Port Loiii^ iil Maiifiiim, mnh alifiijillf fa i 
wall, at the foot of which I ^owicicfl and fciiirid a lied af 
ll'iick mail, ilcrjMiri'i of ilic fadn ;i|i|iori to l» i 







cliatirii'L Im iJiratiiir^ mv mmh m mm 

front only ihe larger vallry^ m rrrN of tle^ rti* m ling ItMtwt 
cLis% They prcileilily %*iie kepi tipm in Ifie iiiatne-r 
ihfBe into llie rT asi leinirly^ liy ilie *4 

the eurrcnl-* anti the tliifling of fine oe 

Their posilieii in fmni of valky% allhoneh olirti 
ficnii Ihe k'lfnl <leep iv;iler lagnoieeleiiiiirtii, wliieti il upfM 
be ihoiiglit would entirely rrmove llie ifijnrioiN effop* lioili 
of the fresh water afnl the ^.efliweiih rereieo a ?diii|tle 
eiplaiialicm wlieii we lire origin of harrser-ferR 

In ihe ?cgelal,ik kin;::doiii evrry cliffeierii nmkm It.i^ m 
|)ecuiiar groiifi of |daiit'-', and iitnihir relaliciti^ apfiear oi 
prevail with corah;. We iiave already %lmm%\m% the gr«Mt 
difTcrence lietweeii the eoral'i wiiliin the laifiiiii of m% iittill 
and Ihosc cm lu onier iii.mgirn Tire corals^ iitici# riri Iht 
margin of Keeling bhitid m.eyrred in mmmi lliiii ilie 
/Miff md J/i//#/er'ff imfifimmht grow to a large %i/e* only 
where they are washed liy a heavy and are feilleil 




cMifcreitce, accwdiiig to I jwrr4 ih** 

gri^al brandling csiral-^* n( ilir li <'4 .13^4 ilniut till i!i«» 

recfi of tim Maliliv.i aiMlIs. 

Hicme facts, %%imh in lln:in‘'drr:i arc 'i|.» «4 liciiirrj 

bear, perbai'j*!, rinl very rrrnciicSy, tm a tiamn* 

stance wliicli Iwii pniinid mit lo mr ‘Murr^fiy 

namely, that wiili very lew r%r’^pium% n^i^r ihr rii«| 
knolls wllhiii the laurwui*^ uf rc.f*i% llai#lio\ Ihrgn difcia, 
and the Orcal Oiagof li4iik (all itilicilrd m ihr Clngm 
groti|i), rise to the ^iirtace ui itic water ; wlirfiM* ill ilmu% 
with ccpally few wnliin anil Fgincirii 

atolls in the %mm grri!i|i. ami likewise wit inn the lirge 
southern ^lakliva atcilh^* rcadi the mtime. I make ilteie 
statemerili, alter having eiatinficci llic* rliafN cif caclt alolL 
In the lagoon of Fews |lanh*i*i, wliirh m nearly iweriif 
miles across, there i§ only um i^ingle ircf tvliidi |ci ilic 
surface ; in Diego Oarcia there are %eveii, !iiii icveral of 



cmji 


lliirly s^2*l ‘ , 

lank tom sWc <At..^-*.-iV ^ , ': 

,\lf>re%lf ' “ ■' ^ 

llireC to bv*. 

iiiniiiiieraiite m ** •'■■' 

mempi III rM 4i^ ^ ^ ^ ^ r r ■ .1. ■ ^ ^ 

is lie caiwe «4 il?" " 

lag«>0t1i of r- n-4 ^ 

slirroiiftlfcil t*| lvt--‘ ia..■...■^>^ ’? 4.^%, 

larger, will mmf m*y 'i^--,|- ’'''« 

open. sea. Oti tie «?titr# h^n \ 1 1 -i* ^ ^ *' -■ 

or tietrlf all *•, »• ' >‘'"' 

are stlis!l| Ollef^ 4ir^-.; t ' 

wellcnclowili ifi4 oltin# 

Capt. Mcifrtlif iiitofii% ^ 

chart of Ilkg#! ik#ci.« mMk fi.^hiw : 5* 

and appiftilif vety »«r%|f^!r^ ^t4 si >r « 4.4 

(Jerlng lliin inicti^al 1*^ 

in ll« ilcfUti oil mf m( ll** lit^..<r:t m.i^^’‘^ ki P 

h if» Iniiwti llal dmm^ k-p 

irasiern cfiaiitiel mt^ llie It*# W*r 

itarrowcfi not ilr*'fr^»4 1^ *kph^ %^4 »■* 

fiiineroiii mad Itmlk of Iinii*g c^>l tt 

change itit|lit liii'c Im^m « ^.?‘-** 

wkiic irri roiiiiil Iht bg«#ii <4 

ferifi into laiii«-iti iif%p.%f^lli?Sc»l I 

of iiicfi lirgc ilr#! -- iii*l »% lli^ tlii|? ^4 kr 4 m 

ibk ipcci tfiofii ilan Itsll # *>«lr #rt#* % 

ttiiiisnil cifciifii%fific h§^ flse l^*i 
till Piep CJarcia ti»# mmMimd m $m 
t wry loni piii^ W$lb thm fmMs 1^ 
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that no sentibfc hm lAm |4irr ffiiiiiig m^htf 

years in. ewral mn iua rwtf 

single reef kai learbed the m ;i!i4|., wli.di 

do not |ireH4:iil the siikiIIc:*! lrr;isi^ ulrlrf 

than Diegti Chtrda iiiid V^t‘>t tUuhu\ mnl mlmk ar^ 
placed tsndi’r ihe aame cnU^nul * h ‘iinur, w,ih iliriti» um 
is led to coiicludc llial Ihr'ic ‘.iilari-r^/d rfrel", alilioiigli 
covered with luxuriant coral, h^%i* tm irridciiey lo 
upwards, anil liial ihey wMild at lli*4r ptvmtl kvrN 

for an aliTiOfnt indiilrtile priirHl 

From the ritiinher of ilscse ftmn llivir |ifr.itiiiii, , 

size, aiul forin,--fiiatiy ^4' ilnriii only line m twti 

hundred yarcli acro^t-^, wiili a f.r4iiiiii?, ainl prc* 

cipitous skies, «-ii h mlii-imuhkt tlmi they liavc liceii 
formed hf the growth of coral; aiitl lliii iiwkcsi ilie t:i»e 
much more remarks lilr* In fmm liaiilicii anil in thi 
Great Chngos Hank, %otm of these alrnoil cciltimiiiaf iiiai«s 
are 200 feel high, and ibcir iiirtinni^ lie only froin Iw# 
to eight fathoms iKtntaih the ; i!i#cforei a iiiiilt- 

propoTttanal amount itioft erf growlli would ca,«iit ihciii to 
attain the surface, like thote ininierriiii feiiolli, wtikh rift 
from an ef|iially great cleplh within tin? .%l 4 lfhfa gtolli, 
VVe can hardly mtpimnt lhai lime hai tptui Wtuniifig for 
the upward growth of the coral, whihi iii Ilicgo Ckreia, 
the broad annulir strip of taiidi formed by liie tmlinmi 
accumulation of deiriiu% sliowi bow long tim aioll liai 
remained at its prtseiil fovei We isiti%i Itml m mum 
other cause than the rtle of growifi; rnid I it will 

be found In the reefs being formtd rrf lUffctmt of 

corals, adapted to live at different dcpilw. 

Tlte Great Clagos Bank k sitMird in ific rrtiifc of the 
_ Clragos group, and the Pill and Sfieakit ILwili at il$ two 
ettreme potnU. thm l»nk« rt^nihk atnllf, mmpt in 


Cimi/ 

Ikir *■'•*'" ■■ * ^ "' ' 

and ill Unm I<ifisv 4 ^4 ^ ’ 

coral fiii ii: ; • '^ " 

Feroi ll;iiiI»J^ ‘ ■ i • 

m will kr«fi f 4-# 1 - - '’• 

wliokgfiiiS|>;ii 5 ‘t :t>'.'^- ■ .. - 

filtoiiii; Jtid ihti ^ ’" ‘ ' ' ■' ' ' ■■ '"^ ' - 

thoie aicilh wtucli 4i^* 3,^^ ^ ^ vr^ . - ^ i i / .v' , 

aliWi and ir«w 5 « ^i'>^ ^ ¥ 

perfect If lliinc mv/>U *! >5 • •> . j’ ^ .”.-?* 

denneii of flic fii^i%'r#iio4 ^ rv, ^ n,? 

corili wliirli me Wiirt aU |-^^4 % <*^^1. ’< - 

lliafi at llic ^y 4 i .\ 

luppliiitiiig ihc fi^mirf t-^rm - -/.a^ 

m teodtfincy to gf«* f- t.- ,:i 4 r r^.t I r\»i 

okcfte, Iftti if ifit emwh f 4 1?^ I 1:.^. 

edge of Keeling iioll wtft iu i^fu\ h *.i 3.--, .r v 't 
ttwecif llie lower p#rir «»C 4 #4^ t>u 4 *'M‘r, 4— ' t 

become eificiicJ i#» loiwliiu r-t m 4 i. 

to lie idjpicil. tf*e j :! 

submergcil knoll* m$ikm ihr 1 
habits with iIio*e nf ibr I* 

receivet %tme mppf>n ft'.m » u i ,*3 #^-a, %i 

nameljr, llial lliry hatte • 4 i?iirfr*-.! *( jjria»-»,<» <#!,»» 5)>.«.»;rf . .» 
tha sccis in tlii? Malsliwa ipr Kp*-?; t'j 

rise t«> the sutfacc ; Iw ^<■»«>J> 4 *«•l■ il»<* i-vS.-.r .! ,e<‘«»cr-*' •; ^ 

that of the tritsiatw sb&tsri .:-a.i.ut, | -..j* 

entered at comidital.k kt-.gth *«.«>, !*»» 

unable to ihr«#i» moth li,,lrf «•« »<, «» <144** <>* 

equal tendency to »ij#»»td ^4 u, l« 

to »H coral-reef*,- to iiw«« wi»*i.d *1 dl»«ia#M 4rt-«8^ , 

tl^ tomini the ,ii,g ^ «# iW «» !««• 

within a lagoon, -»i« those t» »»a thmm tfc 
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The iiifcreoce, ihrrrforr, th»t cine taiM tmi :»t(n 
|ti till" Airfare wahiii a gncn 1 rr.in 

|ci be nMVrir«l ^■illi file vifin* i nl 

llti! kncHVJi !« be | 4 .irril llli<lrf nVi r%:pily ihr 15 

li;n» tmi wiiliiii ihc htim linir r<%i« lit^4 llir ^uifirii 

SpctUW Si ffiNlh 
(M ihi f^U 

The rrm:srk imik al Ifie rbiN* cif llie la%l «f€f; 
nalyrnlly leatb in ilivriicin i-if fiiir siilijctti wli 
has mil, I ilniik, Inilic’flii bfieti rnira4t*riril iiiickr a li 
pciiiil pi vkrw, Ehrc'iificri;^ itiatrilj llitlil ill tlic I 
Sea, tile crifals only iniai fillicr tm.lcs in 1 layer ft 
one ici two feel in ilikknrw# nr ai to i foifiiitn, aH' 
half; iiid he disbdieves ihab m iiiy caiei ilicy 
their own prp|ier grciwili, pfai ilraliifii 0 
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m 



flic Dci!|iliiii Reef off 'Faliili, which hm remained til ttio 
same clc|Hl'i lieocaili the surface, namely, alKUil twci failioiin 
and a lialf, for a imnod of year'i. Hicri; iirt* 

reefs in the Metl which cerlainly do nol «iji|icarMo 
hate increased in cli«icic»icms rhirinn the last iiiillaxatliiryi 
and from the coinpari^^on of oki charts wtili rt!c«:fii siii'¥i!y?i, 
prolmbly not cliirliig the hua two hundred yearii. Hicse, 
and Ollier ilniilar facl%, have so strongly iiii|ircs«c:d rnariy 
with the fjclirf of ihc exireme 8!owne-,H of the growili of 
corals, that they have even iloyliied the posHitiiliiy of 
fskneis iri the great oceans liaving been formed tiy ilieir 
agency. Others, again, who fiave not been overwlielifietj 
by ihii difficiilly, have aclmiiled that it would refilling lliom 
sands, and lens of llioimmii of yeari, to fciriii a iiis'Sh, 
even of inconsiclertibk lhicknes!i hut the siiliject lias ticil, 
I believe, been vdewed tu the |>ro|)cr light. 

That masses of ccirisldcralile llilcktiesii have tieen foriiiiiil 
by the growth of coral, may be inferred wiili cerkairily frciiii 
the following facts In the deep lagoom of Perns !liitiiic» 
and of the Great Chagon Bank, there are, m alretciy 
dcscrilml, smalt sleei>*sidefJ knall« covered wiili living 
corah Tliere are similar knolls in the ionllierii Mtltllva 
atolli, some of wliicli, m Caiitaiii Moresby aiitirti mtt 
less than a liiindrcd yards in diaineler, and rise to llii 

iiirferi* fmni si asci afU-l *sa-d 


sidering their niitiiber, form, and |Misition, It wotifd Im 
preposterous to suppose that they are Imied on pitmaciei u( 
my rock, not of coral ftirfnallon | or that icdiitient coiiid 



tiiaiif Ificiificltiaki— first mt lieirig br«kc*ii off i 
ifiitif! acckknt, aiii! ihrii ^ncillicr, hipI mw sp 
being replami by aiiriiher ml with rbiiVr* ni li; 
reef rose nearer the Eiirfic*?* m m riilrr « 

Tlie spaces between the cnrals wnmM brc^niir fi 


barrier clasu, we way feel sure, m I liav 


cif the coral ; in the cmi of Vmukum^ Jiiilgiiig only from llie 
ckpih of ih«* iiRiat U^iwceii the taitcl awl Itie rccf| llic wail 


It is wnferiimaie Ibai llie tiiwaiscil coial-islaficl't in llit 
Pacific have tiol bteri esawinei;! by a geciliigist 11ie clifi 
of Eliiatelh lilaiHl, in the Low Arc!lii|iela| 0 | arc eighty feel 


Ctpl* Bikhcfi 'E,N., in a leticr wliicti Capl, Ileaiiforl 


I htvt snccttdtd in boring ftiriy'^five feet ihrcnigfi coral 
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atolls, Capt. Morrsliy Ijorcd io a iiepih of twmtf'mK faft, 
when Ill’s auger also liroke t he las had ilie kimhw%n to givo 
me the mailer brought iip ; it k perfectly while, iinil like 
finely triliiralccl corah' rrek. 

In my descrifitlofi of Keeling atoll, I have givini noriie 
facts, which show llial the reef prrjhably las groifii out- 
wards ; and I liave lonml, jn^l within the cinlrr iiiargiii, 
the great mounds of l\jrileH and of Millepora, Willi ilirir 
siimriiits lately killed, and tlieir sitlr:* ?4nbHe»jiieiit!y lliirlerieil 
by the growlli of the coral : a layer, also, of Nnllifioni hail 
already coated * 

the reef Is the sarne round ilie whole of this alcill, iirttl rrniiit 
man] 

an adaption between llse gf«»wirig jioweniof the coriil, iiricl ilie 
force of llie breaker!, and their artioii on the kiiise secliriiinth 
The reef, tlicrefore, conkJ rioi iiirreasn fiiiiw,tr«Js, wiilioiii n 
nearly equal acldiiion to every pan of the slrqiCi ^ri ihm the 
original iiiclinalioii iiiiglu be jwen:tved, and llnv wciiiifl 
rer|iilre a large umoimt of sediment, all derived Ifoiii tim 
wear 'Of corals and shelly to tie aikicfl m the Inwrr purl, 
KIcirtwer,, at Keeling aloll, ami probaldy in iinifiy oilirr 
cases, the ilifferenl. of" corali wouldl hum m crirfriaelt 
on -each 'Olher | ihm ilie Niilliporai cannot iticrcait niJiwurfl* 
wttho 


pum i 
a foil 
depth, 

must 1/e tlx; ordinary lateral or outward growth of »i« 

Bill oF 
than i: 
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In width. The land hm the exiracinlinafy hriafll!i uf ihtm 
miles; it consists of parallel rklgr^ nf' aiicl timlen 

corals, which furnish **an incmilcslalik prcirif,” as cilMitcil 
by Cook,^ ** that the tskrid has liccn profliirrcl !iy arxc^sioiit 
from the seti and ts in a stale! of ificreasi’/' The l;tiifl is 


are known to be formed, we may fee! mntuhml that llw reel 


that the reef has grown outwards tliiriiig tlir irriiinnlaiiofi 


of very considerable breadth has tieen formed by the rnil* 


which ridges of shells and corals, lying tin itic Imre siiffacCi 
have not decayed, llicre can t:ie liltle ilniibl, froiii tht 
account given by Capt Beechey, that Miitikla atoll, In the 
Ijm ArcliipelagOi has teen convened in itie ifmcc of iliirty* 


covered nearly the whole way wiili high frees* 


of them have become wnilctl into one Iniig iilri ; Iwi iit tliii 
case, and in that of Matitda atoll, wc liavc iin prcjof, ifid 
tan only Infer as protebie, that the reef, ibai h the foiifidi* 
tion of the iski% hat incrciicd m well as the iiicw 





CORAL-REEFS,- 


xoz 


in the Red Sea have not increased during a long interval 
of time ; or to other such cases, as that of Ouluthy atoll in 
the Caroline group, where every islet, described a hundred 
years before by Cantova, was found in the same state by 
Lutk4^ — ^without it could be shown that, in these cases, the 
conditions were favourable to the vigorous and unopposed 
growth of the corals living in the different zones of depth, 
and that a proper basis for the extension of the reef was 
present. The former conditions must depend on many 
contingencies, and in the deep oceans where coral forma- 
tions most abound, a basis within the requisite depth can 
rarely be present. 

Nor do I attach any importance to the fact of certain 
submerged reefs, as those off Tahiti, or those within Diego 
Garcia, not now being nearer the surface than they were 
many years ago, as an indication of the rate under favourable 
circumstances of the upward growth of reefs ; after it has 
been shown, that all the reefs have grown to the surface in 
some of the Chagos atolls, but that in neighbouring atolls 
which appear to be of equal antiquity and to be exposed to 
the same external conditions, every reef remains submerged ; 
for we are almost driven to attribute this to a difference, not 
in the rate of growth, but in the habits of the corals in the 
two cases. 

In an old-standing ree^ the corals, which are so different 
in kind on different parts of it, are probably all adapted to 
the stations they occupy, and hold their places, like other 
organic beings, by a struggle one with another, and with 
external nature; hence we may infer that their growth 

^ F. Lutk^’s Voyage autour du Monde, In the group Elato, how- 
ever, it appears that what is now the islet Falipi, is called in Cantova’s 
Chart, the Banc de Falipi. It is not stated whether this has been 
caused by the growth of coral, or by the accumulation of sand. . 
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would generally be slow, exci'i»t under i>cc.u!i.trly favowaUlc 
circumstances. Almost the only twunal t ondisioi), rili.wing 
a quick upward growth of the whole Hinf.in- »! 3 wf, ' 

would be a slow subsidence of the area in whh h it sUioil ; - I 

if; for instance, Keeling atoll were !o sub.idR two or tine.- ^ 

feet, can wc doubt that the projecting margin of live cora\ 
about half an inch in thickness, which sutrotiwh the dead 
upper surfaces of the mounds of I’oritcs, wtnild in ihit f asic 
form a concentric layer over them, and the reef thus 
increase upwards, instead of, a# at |ifcscnt, outwards? 
q'he Nulliporse are now encroaching on the Poiitcs and 
Millepora, but in this case might wc not confidently expert » 

that the latter would, in their turn, encroach on the Nuilh 1 

porrn? After a subsidence of this kind, the sea would gain • 
on the islets, and the great fields of dead but upright coral* 
in the lagoon, would be covered by a sheet of clear water ; 
and might we not then expect that these reefs would rise to 
the surface as they anciently did when the lagoon was less 
confined by islets, and as they did within a iwriod of ten , 

years in the schooner-channel, cut by the inliabitanta ? In I 

one of the Maldiva atolls, a reef, which within a very few 
years existed as an islet bearing cocoa-nut trees, was found 
by Lieut Prentice emtftd with iim €oral amt 

Madrtpore:' The natives licHevo that the Iskl was washed 
away by a change in the currents, but if, instead of this, it i 

had quietly subsided, surely every pirt of the island which 
offered a solid foundation, would In a like manner have j 

become coated with living coral. , 

Through steja such as thei®, any thick nc*.<* of r«k, | 

composed of a singular intermixture of various kind* of 
ccmils, shells, and calcareous sediment, might be formed | 
but without subsidence, the thkkneiw would nc««*iarily ^ 

be deusnoined by the depth at which tlw itef-building ^ 


A’/iZ-V-.v. 

polypifcrs can exist. If it Iw .'nAril, at r.sltt m yr.u i I 
Bupi>ose a reef «.f '-oral f ivnnr.ibly nr* »ittv4;»i!< ..i^ « 
grow up from a given tliitdi ; I •thnultl an-.w< f, Ui.a we 
have no precise eviiieiu t; on this point, aw! If 

little concern with it. We 'e e, in inmmieralile j-en! , over 
wide areas, that the rate b.Ti hem -.uffw imt, rithrt to l«Wj{ 
up the reefs from various depths to the stifface. ».r, a» n 
ntore prohahle, to keep iheui at the surfar e, dufoig pr*i. 
gressive subsidences; and iliis is a ninth more 
standard of comparison tlian any t yi U- of year*. 

It may, however, lie inferred from the folhjwiiig f.i< is, tl. ii 
the rate in years under favaurahle * itcHW t*,vitws uonSd 
lie verv far from slow. Ur. Allan, «f l‘'otfcs, li.as, in In . 


University (extracts from which I «wc l«» the kindnes 
of Dr. Malcolmson), the following .atrwini of wane rxiwri 


1832 on the cast coast of Maibgiisrar, •' ! « awcrtain the 
rise and progress of thi; coral family, .and ft* the numltct nl 
species met witli at Fold I’innt flat. 1?’ -lo’), twenty sjtci ics 


lilt 

ti Jlilf fwilw 
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Moiigcd ; but from the nwmlmr^ i-'Sjit riiHrxtt <j on, ,i is 
certain that all the more conspicuous kimi . inu.i hpi u 
included. Dr. Allan inform’* me, in a kitcr, that hu 
believes it was a Maiircpora, which grew mo^ vi^pittajslj'. 
One may be permitted to suspect lh.i! the Uvel of tlic 
sea might possibly have been somewlia! ciiffen.ut at the two 
stated periods; neverthdc.ss, it is quite tvidcii! that the 
growth of the tcn pouiidl in.f, r;*, ihirinK the unt or seven 
months, at the end of which they were toiiiid iinuiovably 
fixed 1 and several feet In length, must h.ivc Ijccii very 
great The fact of the diflercnt kintls of coral, when placed 
in one clump, having increased in extremely une*|u »l raltai, 
is very interesting, as it shows the manner in which a reef, 
supporting many species of coral, would protabiy be affected 
by a change in the external comlitlons favouring one kind 
more than another, TItc growth of the masses of coral 
in N. and S. lines jiaralicl to the ptev, tiling eurrcnl% 
whether due to the drifting of sediment or to the simple 
movement of the water, is, also, a very interesting circuin* 
stance. 

A fact, communicated to me by Lieut. Wclblead, I N., 
in some degree corroborates the result of Dr, Allan's ex(icrt- 
ments ; it is, that in the I’ersian Gulf a ship had her c<i|q>cr 
bottom encrusted in the course of twenty months with a 
layer of coral, iwo fat in thickness, which it required great 
force to remove, when the m«el mm ducked : it was not 
ascertained to what order tbia ctwa! belonged, Theotcof 
the schooner-channel choked up with coral in an interval of 

* It is stated hj Mr. de la Biwhe Afmimt, p, 1441, m ih« 

antbonty of Mr. Lloyd, who Miiveyed Ike lalhmit* of lt«t 

some spectmeM of I’cdyyiieti, pieced bint in a nhrllfird tid'd of 
, ,, water, were found in the coarse of e fow day* firmly fixed t^ the 
’ secredoa of a stony mtter, to the iMtwm. 




less llian ten ycarsi in llic ni krrUu^i .it^.4i* %t. ■•i‘4 

be here borne in iihnti We; iii.^y itl^w it .4*1 

trouble whicli the iiilialiii^nii ih« 

take to root tiuii a*i ilmf mptem ii, tim cn$^l-knmh ir>4i; 

their harbours, lhai their growth mn hmMf hr 

stowJ'' 

From the facts gi^en in llifa il iimf 

eluded, first, that cnriiiiilerable i!ii«:kiir'eM:-i ml fmk i« 4 *r 
certainly been foniicci »idiiii llie 

the growth of cciral aiiid the accyfinilalion nl it% , 

and, secondly, lliil llic incicaae of iii4ivi*liial r^i^h #i«4 

* Mr- Sitticlifeiff iiViii »/ Mn,^km4 I, hm 

Uescribeti a s|iectf»cft t$l 1 lt*»v f 

iwrroaeils a species id fi t t<« ilian 

yetii, sad yet I# mfii|4rl«ly tf ilt.js I 

wmt thti ilie ©yiicr living itlim n-#* |f i 

eitewl« ihi ltd l*li« Mr, h%nnXtmf ♦.« 

iiicto, wlilcli liiii bfC'4iiii« eaiiirly Miik in , 

dher oaes, tewittt, att *-4 ssii^li«4» l4»t« 

reiiitfaed aitiidd mnh<mi 

ittclior ©f llie //#%'/#, Iff *»•#*> ilf 

monlli at Ei» de }Mmk% ifarlkly iy .4 

Ttthalatla, ili»l Isig# t4 iiif n»m 

Ittfti erf lliii liofiif t’-ct ii*»# 4»*| III### il 

Itagiti# Il tisi fj^eii ilf«ni|4e4 in I 

Ilit rati rrf gr«wili of « irtf, l#«« Itif Isri f*s#r4?*4'.#4 l.|? i:'4|4. !?##.- 
of tlif Cimma mgm Imn^ it 1 .,, 
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of reefs, both outwards or horizontally and upwards or 
vertically, under the peculiar conditions favourable to suclr 
increase, is not slow, when referred either to the standarcL 
of the average oscillations of level in the earth^s crust, or 
to the more precise but less important one of a cycle of 
years. 

Section Third. 

On the Depths at zvhkh Reef-huilding Polypifers live, 

I have already described in detail, which might have 
appeared trivial, the nature of the bottom of the sea 
immediately surrounding Keeling atoll; and I will now 
describe with almost equal care the soundings off tlie 
fringing-reefs of Mauritius. I have preferred this arrange- 
ment, for the sake of grouping together facts of a similar 
nature. I sounded with the wide bell-shaped lead whicb. 
Capt Fitzroy used at Keeling Island, but my examinatioia 
of the bottom was confined to a few miles of coast (between 
Port Louis and Tomb Bay) on the leeward side of the islamd.- 
The edge of the reef is formed of great shapeless masses of 
branching Madrepores, which chiefly consist of two species, 
— ^apparently M, corymbosa and pocillifera ^ — mingled witb a, 
few other kinds of coral. These masses are separated frona 
each other by the most irregular gullies and cavities, into 
which the lead sinks many feet. Outside this irregnlar 
border of Madrepores, the water deepens gradually to 
twenty fathoms, which depth generally is found at tbo 
distance of from half to three-quarters of a mile from tlie 
reef. A little further out the depth is thirty fathoms, and 
thence the bank slopes rapidly into the depths of the ocean. 
This inclination is very gentle compared with that outside 
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Keeling and other atolls, but compared with most coasts it 
is steep. The water was so clear outside the reef, that I 
could distinguish every object forming the rugged bottom. 
In this part, and to a depth of eight fathoms, I sounded 
repeatedly, and at each cast pounded the bottom with the 
broad lead, nevertheless the arming invariably came up 
perfectly clean, but deeply indented From eight to fifteen 
fathoms a little calcareous sand was occasionally brought 
up, but more frequently the arming was simply indented. 
In all this space the two Madrepores above mentioned, and 
two species of Astrsea, with rather large^ stars, seemed the 
commonest kinds ; and it must be noticed that twice at the 
depth of fifteen fathoms, the arming was marked with a 
clean impression of an Astrsea. Besides these lithophytes, 
some fragments of the Millepota aldcornis, which occurs in 
the satne relative position at Keeling Island, were brought 
up ; and in the deeper parts there were large beds of a 
Seriatopora, different from S. subulaia, but closely allied to 
it. On the beach within the reef, the rolled fragments 
consisted chiefly of the corals just mentioned, and of a 

1 Since the preceding pages were printed off, I have received from 
Mr. Lyell a very interesting pamphlet, entitled Remarks upon Coral 
Formations, etc., by J. Couthouy, Boston, United States, 1842. 
There is a statement (p. 6), on the authority of the Rev. J. Williams, 
corroborating the remarks made by Ehrenberg and Lyell (p. 1 18 of 
this volume), on the antiquity of certain individual corals in the Red 
Sea and at Bermuda ; namely, that at Upolu, one of the Navigator 
Islands, “particular clumps of coral are known to the fishermen by 
name, derived from either some particular configuration or tradition 
attached to them, and handed down from time immemorial ” With 
-respect to the thickness of masses of coral-rock, it clearly appears, 
frotn the descriptions given by Mr. Couthouy (pp. 34> 5^1* that Man- 
gaia and Aurora Islands are upraised atolls, composed of coral rock: 
the level summit of the former is about 300 feet, and that of Aurora 
Island is 200 feet above the sea-level. 
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massive Porites, like that at Keeling atoll, of a 

Fodllopora verrucosa^ and of numerous fragments of 

pora. Prom fifteen to twenty fathoms the bottom 

with few exceptions, either formed of sand, or thiclcly 

covered with Seriatopora : this delicate coral seems to form 

at these depths extensive beds unmingled with any 

kind. At 20 fathoms, one sounding brought up a 

ment of Madrepora apparently M podllifera^ and I 

it is the same species (for I neglected to bring sj>oci- 

mens from both stations) which mainly forms the 

margin of the reef; if so, it grows in depths varying from 

0 to 20 fathoms. Between twenty and thirty-three fatlnoros 

1 obtained several soundings, and they all showed a < 3 y 
bottom, with one exception at 30 fathoms, when the arming 
came up scooped out, as if by the margin of a large 
Caryophyllia. Beyond 33 fathoms I sounded only once ; 
and from 86 fathoms, at the distance of one mile and a 
third from the edge of the reef, the arming broughit: np 
calcareous sand with a pebble of volcanic rock. The cir- 
cumstance of the arming having invariably come up 

clean, when sounding within ascertain number of fattLoms 
oflf the reefs of Mauritius and Keeling atoll (eight fatlxoms 
in the, former case, and twelve in the latter), and of its 
having always come up (with one exception) smoothed 
covered with sand, when the depth exceeded 20 fatliomSf 
probably indicates a criterion, by which the limits of tlie 
vigorous growth of coral might in all cases be readily 
ascertained. I do not, however, suppose that if a vast 
number of soundings were obtained round these islands, flic 
limit above assigned would be found never to vary, t>xxt J 
conceive the facts are sufiScient to show, that the exceptions 
would be few. The circumstance of a gradual chango, in 
the two cases, from a field of dean coral to a smooth sa.i3dy 
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bottom, is far more important in indicating the depth at 
which the larger kinds of coral flourish than almost any 
number of separate observations on the depth, at which 
certain species have been dredged up. For we can under- 
stand the gradation, only as a prolonged struggle against 
unfavourable conditions. If a person were to find the 
soil clothed with turf on the banks of a stream of water, 
’but on going to some distance on one side of it, he 
observed the blades of grass growing thinner and thinner, 
with intervening patches of sand, until he entered a 
desert of sand, he would safely conclude, especially if 
changes of the same kind were noticed in other places, that 
the presence of the water was absolutely necessary to the 
formation of a thick hed of turf: so may we conclude, with 
the same feeling of certainty, that thick beds of coral 
are formed only at small depths beneath the surface of the 
sea. 

I have endeavoured to collect every fact, which might 
either invalidate or corroborate this conclusion. Capt. 
Moresby, whose opportunities for observation during his 
survey of theMaldiva and Chagos Archipelagoes have been 
unrivalled, informs me, that the upper part or zone of the 
steep-sided reefs, on the inner and outer coasts of the atolls 
in bath groups, invariably consists of coral, and the lower 
parts of sand. At seven or eight fathoms depth, the 
bottom is formed, as could be seen through the clear 
water, of great living masses of coral, which at about ten 
fa Iboms generally stand some way apart from each other, 
with patches of white sand between them, and at a little 
greater depth these patches become united into a smooth 
steep slope, without any coral. Capt Moresby, also, 
informs me in support of his statement, that he found only 
decayed coral on the Padua Bank (northern part of the 


no 
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Laccadive group) which has an average depth between 
25 and 35 fathoms, but that on some other banks m 
the same group with only ten or twelve fathoms water on 
them (for instance, the Tillacapeni bank), the coral was 
living. 

With regard to the coral-reefs in the Red Sea, Ehrenberg 
has the following passage : — “ The living corals do not 
descend there into great depths. On the edges of islets 
and near reefs, where the depth was small, very many 
lived; but we found no more even at six fathoms. The 
pearl-fishers at Yemen and Massaua asserted that there was 
no coral near the pearl-banks at nine fathoms deep, but 
only sand. We were not able to institute any more special 
researches.’’^ I am, however, assured both by Captain 
Moresby and Lieut. Wellstead, that in the more northern 
parts of the Red Sea, there are extensive beds of living 
coral at a depth of 25 fathoms, in which the anchors of 
their vessels were frequently entangled. Captain Moresby 
attributes the less depth, at which the corals are able to 
live in the places mentioned by Ehrenberg, to the greater 
quantity of sediment there ; and the situations, where they 
were flourishing at the depth of 25 fathoms, were protected, 
and the water was extraordinarily limpid. On the leeward 
side of Mauritius, where I found the coral growing at a 
somewhat greater depth than at Keeling atoll, the sea, owing 
apparently to its tranquil state, was likewise very clean 
Within the lagoons of some of the Marshall atolls, where the 
water can be but little agitated, there are, according to 
Kotzebue, living beds of coral in 25 fathoms. From these 
facts, and considering the manner in which the beds of 
clean coral off Mauritius, Keeling Island, the Maldiva and. 

4 Ehrenberg, etc., p. 50. 
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Chagos atolls, graduated into a sandy slope, it appears 
very probable that the depth, at which reef-building poly- 
pifers can . exist, is partly determined by the extent of 
inclined surface, which the currents of the sea and 
the recoiling waves have the power to keep free from 
sediment. 

MM. Quoy and Gaimard^ believe that the growth of 
coral is confined within very limited depths; and they state 
that they never found any fragment of an Astrsea (the genus 
they consider most efficient in forming reefs) at a depth 
above 25 or 30 feet But we have seen that in several 
places the bottom of the sea is paved with massive corals 
at more than twice this depth ; and at 1 5 fathoms (or twice 
this depth) off the reefs of Mauritius, the arming was marked 
with the distinct impression of a living Astrxa. Milkpora 
aldcornis lives in from o to 1 2 fatlioms, and the genera 
Madrepora and Seriatopora from o to 20 fathoms, Capt. 
Moresby has given me a specimen of Sideropora scabra 
{Porites of Lamarck) brought up alive from 17 fathoms. 
Mr. Couthouy^ states that he has dredged up on the 
IBahama banks considerable masses of Meandrina from x6 
fathoms, and he has seen this coral growing in 20 fathoms. 
A Caryophyllia, half an inch in diameter, was dredged up 
alive from 80 fathoms off Juan Fernandez (lat. 33** S.) by 
Gapt. P. P. King this is the most remarkable fact with which 
I am acquainted, showing the depth at which a genus of 
corals often found on reefs, can exist We ought, however, 

^ Annaks des Scu NaLy tom. vi. 

^ R&niarks on Coral Formations y p. 12. 

® lam indebted to Mr. Stokes for having kindly communicated this 
Tact to me, together with much other valuable information. 

^ I will record in the form of a note all the facts that I have been 
a^hle to collect on the depths, both within and without the tropics, at 
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to feel less surprise at this fact, as Caryopbyllia alone .of tb.e 
lamelliform genera, ranges far beyond the. tropics; it is 

which those corals and corallines can live, which there is no reason to 
suppose ever materially aid in the construction of a reef. 


Name of Zoophyte. 

Depth in 
Fathoms. 

Sertularia . . . . , 

40 

Cellaxia 

Ditto 

„ A minute scarlet encrust- 


ing species, found living . 
,, An allied, small stony 

190 

snb-generic form 

48 

A coral allied to Vincularia, 


with eight rows of cells , 

40 

Tubulipora, near to T. patima . 

Ditto 

Do. do. 

Cellepora, several species, and 
allied siih-generic form 
Ditto 

94 

40 

40 and 57 

Ditto 

48 

Eschars ; 

SO 

Ditto 

48 

Retepora . . . . ^ 

40 

Ditto 

Millepora, a strong (X)ral with^ 

100 

cylindrical branches, of a I 

1 

pink colour, about two I 
inches high, resembling in f 

1 94 and 30 

the form of its orifices M. I 
aspera of Lamarck . , ) 

1 

1 

CoraHum , 

120 

Antipathes 

16 

Gorgonia (or an allied form) , 

160 


Country and S. 
Latitude. 

Authority. 

Cape Horn 60“ 

, Ditto 

Keeling At. 12“ 

[ Where noIl€^ 

is given, tlio 
observation. 
my own.] 

S. Cruz Riv. 50“ 


Cape Horn 
Ditto 

East Chiloe 43" 


Cape Horn 
Chonos Arch. 45" 

S. Cruz 50* 
Tierra del Fuego 63* 
S. Cruz R. 60“ 
Cape Horn 

C. Good Hope 34“ 

[ Quoy (fc G!-ni- 
J mard, 

) Seim, 

( t. vi. p. 2S4. 

E. Chiloe 43“, Tierra 
del Fuego 63“ 


Barhary 33“ N. 

rPeyssonel in. 
J paperreadfco 

1 Royal Soc. , 
(May 1752. 

Chonos 45“ 


r Ahrolhos on the 
coast of Brazil 18" 

rCp. Beecliey 
J informed, mi© 
1 of this fnert* 
(.in a letter^ 


Ellis (iVir/. Hist, of Coralline^ p. 96) states that Omhellularia was 
procured in lat. 79° stilkingio a the depth of 2.36 fathoms ; 

hence this coral either must have been floating loose, or was entanglc^td 
in stray line at the bottom. Off Keeling atoll a compound Ascidia 
(Sigillina) was brought up from 39 fathoms, and a piece of sponger, 
apparently living, from 70, and a fragment of Nullipora also apparently 
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found in Zetland^ “in Lat 60"* N. in deep water, and I 
procured a small species from Tierra del Fuego in Lat 53® 
S. Capt Beech ey informs me, that branches of pink and 
yellow coral were frequently brought up from between 20 
and 25. fathoms off the Low atolls; and Lieut Stokes, 
writing to me from the N.W. coast of Australia, says that a 
strongly branched coral was procured there from 30 fathoms : 
unfortunately it is not known to what genera these corals 
belong. 

Although the limit of depth, at which each particular 
kind of coral ceases to exist, is far fron\ being accurately 
known; yet when we bear in mind the manner in which 
the clumps of coral gradually became infrequent at about 
the same depth, and wholly disappeared at a greater depth 
than 20 fathoms, on the slope round Keeling atoll, on the 
leeward side of the' Mauritius, and at rather less depth, 
both without and within the atolls of the Maldiva and 
Chagos Archipelagoes ; and when we know that the reefs 
round these islands do not differ from other coral forma- 
tions in their form' and structure, we may, I think, conclude 
that in ordinary cases, reef-biiilding polypifers do not 

“ living from 92 fathoms. At a greater depth than 90 fathoms off this 
coral island, the bottom was thickly strewed with joints of Halimeda 
and small fragments of other Nulliporae, but all dead. Captain B. Allen, 
R.N., informs me that in the survey of the West Indies it was noticed 
that between the depth of 10 and 200 fathoms, the sounriing lead very 
generally came up coated with the dead joints of a Halimeda, of which 
he showed me specimens. Off Pernambuco, in Brazil, in about twelve 
fathoms, the bottom was covered with fragments dead and alive of 
a dull red Nullipora, and I infer from Roussin’s chart, that a bottom of 
this kind extends over a wide area. On the beach, within the coral-reefs 
of Mauritins, vast quantities of fragments of Nulliporse were piled up. 
From these facts it appears, that these simply organised bodies are 
amongst the most abundant productions of the sea. 

^ Fleming’s genus Caryophyllia. 
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flourish at greater depths than between 20 and 30 
fathoms. 

It has been argued 1 that reefs may possibly rise from 
very great depths through the means of small corals, iSrst 
making a platform for the growth of the stronger kinds. 
This, however, is an arbitrary supposition : it is not always 
remembered, that in such cases there is an antagonist power 
in action, namely, the decay of organic bodies, when not 
protected by a covering of sediment, or by their own rapid 
growth. We have, moreover, no right to calculate on 
unlimited time for the accumulation of small organic bodies 
into great masses. Every fact in geology proclaims tliat 
neither the land, nor the bed of the sea retain for indefinite 
periods the same level. As well might it be imagined tliat 
the British Seas would in time become choked up with beds 
of oysters, or that the numerous small corallines off the 
inhospitable shores of Tierra del Fuego would in time form 
a solid and extensive coral-reef. 

^ Jcyurnal of the Royal Geographical Society^ 21Z, 
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CHAPTER V. 


THEORY OF THE FORMATION OF THE DIFFERENT 
CLASSES OF CORAL-REEFS. 

The atolls of the larger archipelagoes are not formed on submerged 
craters^ or on hanks of sediment, — Immense areas interspersed ivith 
atolls. — Their subsidence. — The effects of storms and earthquakes 
on atolls. — Recent changes tn their state. — The origin of barrier- 
reefs and of atolls. — Their relative forms, — The step-fo7'med ledges 
and walls round the shores of some lagoons. — The rmg-f armed 
reefs of the Mai diva atolls . — The sulmierged condition of parts or 
of the whole of some amiular reefs. — The dissevermeni of large 
atolls, — The tmion of atolls by linear reefs. — The Gj'eat Chagos 
Ba^ik, — Objections from the area and anmint of subside^tce required 
by the theory, considered. — The probable composition of the lorver 
parts of atolls. 

The naturalists who have visited the Pacific, seem to have 
had their attention riveted by the lagoon-islands, or atolls, 
— those singular rings of coral-land which rise abruptly out 
of the unfathomable ocean — ^and have passed over, almost 
unnoticed, the scarcely less wonderful encircling barrier- 
reefs. The theory most generally received on the formation 
of atolls, is that they are based on submarine craters ; but 
where can we find a crater of the shape of Bow atoll, which 
is five times as long as it is broad (Plate III., Fig. 5) ; or like 
that of Menchicoff Island (Plate I., Fig. 2), with its three 
loops, together sixty miles in length; or like Rimsky 
Korsacoff, narrow, crooked, and fifty-four miles long ; or 
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like the northern Maldiva atolls, made up of nunaeroU-Sl. 
ring-formed reefs, placed on the margin of a disc, — one 
which discs is eighty-eight miles in length, and only frorti 
ten to twenty in breadth. It is, also, not a little improbalbl^ 
that there should have existed as many craters of immense 
size crowded together beneath the sea, as there are now ' 
some parts atolls. But this theory lies under a greater 
difficulty, as will be evident, when we consider on 
foundations the atolls of the larger archipelagoes rest: 5 
nevertheless, if the rim of a crater aiforded a basis at tlxe 
proper depth, I am far from denying that a reef like a 
perfectly characterised atoll might not be formed ; some 
such, perhaps, now exist; but I cannot believe in the 
possibility of the greater number having thus originated. 

An earlier and better theory was proposed by C^hamisso ^ ^ 
he supposes that as the more massive kinds of corals prefer 
the surf, the outer portions, in a reef rising from a suh- 
marine basis, would first reach the surface and consequently 
form a ring. But on this view it must be assumed,' that in 
every case the basis consists of a flat bank; for if it were 
conically formed, like a mountainous mass, we can see rxcf 
reason why the coral should spring up from the fianlcs, 
instead of from the central and highest parts : considering 
the number of the atolls in the Pacific and Indian Oceans, 
this assumption is very improbable. As the lagoons of 
atolls are sometimes even more than forty fathoms deep, it 
must, also, be assumed on this view, that at a depth. a.t 
which the waves do not break, the coral grows more 
vigorously on the edges of a bank than on its central part ; 
and this is an assumption without any evidence in support 
of it I remarked, in the third chapter, that a reef, growing 

* Kotzebue’s Mrsf Voyage, vol. iii. p. 331. 
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on a detaclicd bank, would tend . to assume an atoll-like 
structure ; if, therefore, corals were to grow up from a bank, 
with a level surface some fathoms submerged, having steep 
sides and being situated in a deep sea, a reef not to be 
distinguished from an atoll, might be formed: I believe 
some such exist in the West Indies. But a difficulty of the 
same kind with that affecting the crater theory, renders, as 
we shall presently see, this view inapplicable to the greater 
number of atolls. 

No theory worthy of notice has been advanced to account 
for those barrier-reefs, which encircle islands of moderate 
dimensions. The great reef which fronts the coast of 
Australia has been supposed, but without any special facts, 
to rest on the edge of a submarine precipice, extending 
parallel to the shore. The origin of the third class or of 
ffinging-reefs presents, I believe, scarcely any difficulty, and 
is simply consequent on the polypifers not growing up from 
great depths, and their not flourishing close to gently 
shelving beaches where the water is often turbid. 

What cause, then, has given to atolls and barrier-reefs 
their characteristic forms? Let us see whether an im- 
portant deduction will not follow from the consideration of 
these two circumstances, — first, the reef-building corals 
flourishing only at limited depths, — and secondly, the 
vastness of the areas interspersed with coral-reefs and coral- 
inlets, none of which rise to a greater height above the level 
of the sea, than that attained by matter thrown up by the 
waves and winds. I do not make this latter statement 
vaguely ; I have carefully sought for descriptions of every 
island in the intertropical seas; and my task has been in 
some degree abridged by a map of the Pacific, corrected in 
1834 by MM. D’Urville and Lottin, in which the low 
islands are distinguished from the high ones (even from 
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I those much less than a hundred feet in height) by being 

f written without a capital letter; I have detected a fe-w 

f errors in this map, respecting the height of some of tlie 

i islands, which will be noticed in the Appendix, where I 

f treat of coral formations in geographical order. To tlxe 

J Appendix, also, I must refer for a more particular account 

’ of the data on which the statements on the next page 

are grounded. I have ascertained, and chiefly from the 
writings of Cook, Kotzebue, Bellinghausen, Duperrey, 
t Eeechey, and Lutk^ regarding the Pacific; and from 

I Moresby! with respect to the Indian Ocean, that in the 

; following cases the term “low island” strictly means 

I land of the height commonly attained by matter thrown 

up by the winds and the waves of an open sea. 
If we draw a line (the plan I have always adopted) 
joining the external atolls of that part of the Low 
' Archipelago in which the islands are numerous, the 

I figure will be a pointed ellipse (reaching from Hood -to 

;j Lazaref Island), of which the longer axis is 840 geograpiliical 

miles, and the shorter 420 miles ; in this space^ none of the 

i Capt. Owen’s and Lieut. Wood’s papers in the Geo- 

, graphical Journal, on the Maldiva and Laccadive Archipelagoes. 

These officers particularly refer to the lowness of the islets; but I 
' ground my assertion respecting these two groups, and the 

Chagos group, from information communicated to me by Capt. 
Moresby. * ■' 

J I find from Mr. Couthouy’s pamphlet (p. 58) that Aurora Islanri is 
I^eight j it consists of coral-rock, and seems to have 
fomed by the elevation of an atoll. It lies north-east of Tahiti, 
without the line bounding the space coloured dark blue in tiie 
map appended to this volume. Honden Island, which is situated in 
the extreme north-west part of the Low Archipelago, accordinfr to 
measurements made on board the Beagle, whilst sailing by, is xxa. 
eet from the summil of ihe trees to the water’s edge. This island 
applied to resemble the otter atolls of the group. 
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innumerable islets united into great rings rise above the 
stated level. The Gilbert group is very narrow, and 300 
miles in length. In a prolonged line from this group, at 
the distance of 240 miles, is the Marshall Archipelago, 
the figure of which is an irregular square, one end being 
broader than the other; its length is 520 miles, with an 
average width of 240 : these two groups together are 1,040 
miles in length, and all their islets are low. Between the 
southern end of the Gilbert and the northern end of Low 
Archipelago, the ocean is thinly strewed with islands, all 
of which, as far as I have been able to ascertain, are low ; 
so that from nearly the southern end of the Low Archi- 
pelago, to the northern end of the Marshall Archipelago, 
there is a narrow band of ocean, more than 4,000 miles 
in length, containing a great number of islands, all of 
which are low. In the western part of the Caroline 
Archipelago, there is a space of 480 miles in length, and 
about 100 broad, thinly interspersed with low islands. 
Lastly, in the Indian Ocean, the archipelago of the 
Maldivas is 470 miles in length, and 60 in breadth; that 
of the Laccadives is 150 by 100 miles : as there is a low 
island between these two groups, they may be considered 
as one group of a thousand miles in length. To this may 
be added the Chagos group of low islands, situated 280 
miles distant, in a line prolonged from the southern 
extremity of the Maldivas, This group, including the 
submerged banks, is 170 miles in length and 80 in breadth. 
So striking is the uniformity in direction of these three 
archipelagoes, all the islands of which are low, that Captain 
Moresby, in one of his papers, speaks of them as parts 
of one great chain, nearly 1,500 miles long. I am, then, 
fully justified in repeating, that enormous spaces, both in 
the Pacific and Indian Oceans, are interspersed with islands, 



of which not one rises above that height, to which t 
waves and winds in an open sea can heap up matter. 

On what foundations, then, have these reefs and isl 
of coral been constructed ? A foundation must origina 
have been present beneath each atoll at that limited dep 
which is indispensable for the first growth of the re 
building polypifers. A conjecture will perhaps be hazards 
that the requisite bases . might have been afforded by t 
accumulation of great banks of sediment, which owing 
the action of superficial currents (aided possibly by t 
undulatory movement of the sea) did not quite reach t 
surface, — as actually appears to have been the case in soi 
parts of the West Indian Sea. But in the form and d 
position of the groups of atolls, there is nothing 
countenance this notion; and the assumption without a 
proof, that a number of immense piles of sediment ha 
been heaped on the floor of the great Pacific and Indi 
Oceans, in their central parts far remote from land, a: 
where the dark blue colour of the limpid water bespea 
its purity, cannot for one moment be admitted. 

The many widely-scattered atolls must, therefore, rest 
rocky bases. But we cannot believe that the broad sumc 
of a mountain lies buried at the depth of a few fathoi 
beneath every atoll, and nevertheless throughout t 
immense areas above-named, with not one point of m 
projecting above the level of the sea; for we may jud 
with some accuracy of mountains beneath the sea, by the 
the land; and where can we find a single chain sevei 
hundred miles in length and of considerable breadth, mu 
several such chains, with their many broad siimm 
the same height, within from 120 to iBo fee 
data be thought insufficient, on which I ha 
beliel^ respecting the depth at whioh t! 
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reef-building polypifers can exist, and it be assumed that 
they can flourish at a depth of even loo fathoms, yet the 
weight of the above argument is but little diminished, for 
it is almost equally improbable, that as many submarine 
mountains, as there are lowlslands in the several great and 
widely separated areas above specified, should all rise 
within 600 feet of the surface of the sea and not one 
above it, as that they should be of the same height within 
the smaller limit of one or two hundred feet. So highly 
improbable is this supposition, that we are compelled to 
believe, that the bases of the many atolls did never at any 
one period all lie submerged within the depth of a few 
fathoms beneath the surface, but that they were brought 
into the requisite position or level, some at one period and 
some at another, through movements in the earth’s crust. 
But this could not have been effected by elevation, for the 
belief that points so numerous and so widely separated 
were successively uplifted to a certain level, but that not 
one point was raised above that level, is quite as improbable 
as the former supposition, and indeed differs little from it. 
It will probably occur to those who have read Ehrenberg’s 
account of the Reefs of the Red Sea, that many points in 
these great areas may have been elevated, but that as soon 
as raised, the protuberant parts were cut off by the destroy- 
ing action of the waves : a moment’s reflection, however, 
on the bason-like form of the atolls, will show that this is 
impossible ; for the upheaval and subsequent abrasion of an 
island would leave a flat disc, which might become coated 
..with coral, but not a deeply concave surface ; moreover, we 
should expect to see, in some parts at least, the rock of the 
foundation brought to the surface. If, then, the founda- 
tions of the many atolls were not uplifted into the requisite 
position, they must of necessity have subsided into it; and 
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this at once solves every difficulty,^ for we may safely infer, 
from the facts given in the last chapter, that during a 
gradual subsidence the corals would be favourably circuxn- 
stanced for building up their solid frameworks and readying 
the surface, as island after island slowly disappeared. Tbriis 
areas of immense extent in the central and most profound 
parts of the great oceans, might become interspersed with 
coral-islets, none of which would rise to a greater lieiglit 
than that attained by detritus heaped up by the sea, and 
nevertheless they might all have been formed by corals, 
which absolutely required for their growth a solid foundation 
within a few fathoms of the surface. 

It would be out of place here to do more than allude to 
the many facts, showing that the supposition of a gradual 
subsidence over large areas is by no means improbable. 

^ The additional difficulty on the crater hypothesis before alluded, to, 
will now be evident ; for on this view the volcanic action must "be sup- 
posed to have formed within the areas specified a vast number of craters, 
all rising within a few fathoms of the surface, and not one above it. 
The supposition that the craters were at different times upraised above 
the surface, and were there abraded by the surf and subsequeritly 
c^ted by corals, is subject to nearly the same objections witb those 
given at the bottom of the last page; but I consider it superfluous to 
detail all the arguments opposed to suqh a notion. Chamisso’s theory, 
from assuming the existence of so many banks, all lying at the proper 
depth beneath the water, is also vitally defective. The same observa- 
tion applies to an hypothesis of Lieut. Nelsons {Geolog. Tracts., vol. 

V. p. 122^ who supposes that the ring-formed structure is caused by a 
greater numl^r of germs of corals becoming attached to the declivity, 
than to the central plateau of a submarine bank: it likewise applies to 
the notion formerly entertained (Forster’s Observ., p. 15 1), that lag:oon- 
islands owe their peculiar form to the instinctive tendencies of the 
polypifers. According to this latter view, the corals on the outer 
margin of the reef instinctively expose themselves to the surf in order 
to afford protection to corals living in the lagoon, which beloncr to 

other genera, and to other families I 
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We have the clearest proof that a movement of this kind is 
possible, in the upright trees buried under the strata ma,ny 
thousand feet in thickness; we have also every reason for 
believing that there are now large areas gradually sinking, 
in the same manner as others are rising. And when we 
consider how many parts of the surface of the globe have 
been elevated within recent geological periods, we must 
admit that there have been subsidences on a corresponding 
scale, for otherwise the whole globe would have swollen. 
It is very remarkable that Mr. Lyell,^ even in the first 
edition of his Frinciples of Geology^ inferred that the 
amount of subsidence in the Pacific must have exceeded 
that of elevation, from the area of land being very small 
relatively to the agents there tending to form it, namely, 
the growth of coral and volcanic action. But it will be 
asked, are there any direct proofs of a subsiding movement 
in those areas, in which subsidence will explain a pheno- 
menon otherwise inexplicable ? This, however, can hardly 
be expected, for it must ever be most difficult, excepting in 
countries long civilised, to detect a movement, the tendency 
of which is to conceal the part affected. In barbarous and 
aemi-civilised nations how long might not a slow movement, 
even of elevation such as that now affecting Scandinavia, 
have escaped attention ! 

Mr. Williams 2 insists strongly that the traditions of the 
natives, which he has taken much pains in collecting, do 
not indicate the appearance of any new islands : but on the 
theory of a gradual subsidence, all that would be apparent 
would be, the water sometimes encroaching slowly on the 
land, and the land again recovering by the accumulation 
of detritus its former extent, and perhaps sometimes the 

> 1 Principles of Geolo^y^ sixth edition, vol. iii. p. 386. 

^ Wi\\isira%* s JZarraiive of Missio 7 iary Enterprise, 2il> 
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conversion of an atoll with coral islets on it, into a baro or 
into a sunken annular reef. Such changes would natu- rally 
take place at the periods when the sea rose above its irsual 
limits, during a gale of more than ordinary strength ^ and 
the effects of the two causes would be hardly distingtiish- 
1 ;! able. In Kotzebue^s Voyage there are accounts of islands, 

! both in the Caroline and Marshall Archipelagoes, wlrich 

I have been partly washed away during hurricanes i and 

Kadu, the native who was on board one of the Russian 
vessels, said “he saw the sea at Radack rise to the feet of 
‘ ; the cocoa-nut trees; but it was conjured in time.^^^ A 

storm lately entirely swept away two of the Caroline islands* 

. '1 and converted them into shoals ; it partly, also, destroyed 

, two other islands.^ According to a tradition which, was 

communicated to Capt. Fitzroy, it is believed in the Low 
h Archipelago, that the arrival of the first ship caused a great 

f inundation, which destroyed many lives. Mr. Stutchbnry 

relates, that in 1825, the western side of Chain Atoll, in 
I the same group, was completely devastated by a hurricane^ 

^ and not less than 300 lives lost: “in this instance it was 

k evident, even to the natives, that the hurricane alone was 

. ‘I not sufficient to account for the violent agitation of the 

ocean,”^ That considerable changes have taken place 
4 recently in some of the atolls in the Low Archipelago^; 

'I : app^s certain from the case already given of Matilda 

; Island: with respect to Whitsunday and Gloucester Islands 
. In this same group, we must either attribute great inaccnra^cy 

to their discoverer, the famous circumnavigator Wallis, on 
? believe that they have undergone a considerable change in 

’f * the period of fifty-nine years, between his voyage and that 




^ Kotzebue’s First Voyage, vol. iii. p. 168. 

® M. Desmoulins in Compies Rettdus, 1840, p. 837. 
® if England Journal, No. i, p. 35. 
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of Capt. Beechey's. Whitsunday Island is described by 
Wallis as “about four miles long, and three wide,” now it 
is only one mile and a half long. The appearance of 
Gloucester Island, in Capt. Beechey’s words, ^ “has been 
accurately described by its discoverer, but its present form 
and extent differ materially.’^ Blenheim reef, in the Chagos 
group, consists of a water-washed annular reef, thirteen 
miles in circumference, surrounding a lagoon ten fathoms 
deep : on its surface there were a few worn patches of 
conglomerate coral-rock, of about the size of hovels ; and 
these Capt. Moresby considered as being, without doubt, 
the last remnants of islets \ so that here an atoll has been 
converted into an atoll-formed reef. The inhabitants of the 
Maldiva Archipelago, as long ago as 1605, declared, “that 
the high tides and violent currents were diminishing the 
number of the islands : ”2 and I have already shown, on the 
authority of Capt. Moresby, that the work of destruction is 
still in progress; but that on the other hand the first 
formation of some islets is known to the present inhabitants. 
In such cases, it would be exceedingly difficult to detect 
a gradual subsidence of the foundation, on which these 
mutable structures rest. 

Some of the archipelagoes of low coral-islands are subject 
to earthquakes : Capt. Moresby informs me that they are 
frequent, though not very strong, in the Chagos group, 
which occupies a very central position in the Indian Ocean, 
and is far from any land not of coral formation. One of 
the islands in this group was formerly covered by a bed of 
mould, which, after an earthquake, disappeared, and was 

^ Beechey’s Voyage to the Pacific^ chap, vii., and Wallis’s Voyage in 
the Dolphin^ chap. iv. 

^ See an extract from Pyrard’s Voyage in Captain Owen’s paper on 
the Maldiva Archipelago, in the Geographical Journal^ vol. ii. p, 84. 
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believed by the residents to have been washed by the 
through the broken masses of underlying rock ; the island 
was thus rendered unproductive. Chamisso^ states, that 
earthquakes are felt in the Marshall atolls, which are fsit 
from any high land, and likewise in the islands of tlie 
Caroline Archipelago. On one of the latter, naro ely 
Oulleay atoll. Admiral Lutk6, as he had the kindness to 
inform me, observed several straight fissures about a foot in 
width, running for some hundred yards obliquely across tlae 
whole width of the reef. Fissures indicate a stretching of 
the earth’s crust, and, therefore, probably changes in its 
level; but these coral-islands, which have been shaken a.nd 
fissured, certainly have not been elevated, and, therefore, 
probably they have subsided. In the chapter on Keelings 
atoll, I attempted to show by direct evidence, that tlie 
island underwent a movement of subsidence, during the 
earthquakes lately felt there. 

The facts stand thus; — there are many large tracts of 
ocean, without any high land, interspersed with reefs a,nd! 
islets, formed by the growth of those kinds of corals, whioh 
cannot live at great depths; and the existence of these 
reefs and low islets, in such numbers and at such distant , 
points, is quite inexplicable, excepting on the theory, that 
the bases on which the reefs first became attached, slowly 
and successively sank beneath the level of the sea, whilst 
the corals continued to grow upwards. No positive faots 
are opposed to this view, and some general considerations 
render it probable. There is evidence of change in form, ' 
whether or not from subsidence, or some of these cor-ah 
Mands ; and there is evidence of subterranean disturbanoes 
beneath them. Will then the theory, to which we have 

^ See Chamiaso, in Kotzebue^s First Vqyag&i vol. iii. pp. slikI 
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thus been led, solve the curious problem,— what has given 
to each class of reef its peculiar form? 

Let us in imagination place within one of the subsiding 
areas, an island surrounded by a fringing-reef, that 
kind, which alone offers no difficulty in the explanation 
of its origin. Let the unbroken lines and the oblictue 
shading in the woodcut (No. 4) represent a vertical section 
through such an island j and the horizontal shading will 



A.A — Outer edge of the reef at the level of tlie sea. 

BB — Shores of the island. 

A' A'-— Outer edge of the reef, after its upward growth during a period of 
subsidence. 

CO — The lagoon-channel between the reef and the shores of the now encircled 
land. 

B'B' — The shores of the encircled island. 

ISr.B.— In this, and the following woodcut, the subHi'lcnco of tho land could 
only be represented by an apparent rise in the level of the sea. 

represent the section of the reef. Now, as the island sinks 
down, either a few feet at a time or quite insensibly, we 
raay safely infer from what we know of the conditions 
favourable to the growth of coral, that the living masses 
bathed by. the surf on the margin of the reef, will soon 
regain the surface. The water, however, will encroach, 
little by little, on the shore, the island becoming lower 
and smaller, and the space between the edge of the reef 
and the beach proportionately broader. A section of the 
reef and island in this state, after a subsidence of several 
hundred feet, is given by the dotted lines : coral-islets arc 
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supposed to have been formed on the new reef, and ship 
is anchored in the lagoon-channel. This section is in 
every .respect that of an encircling barrier-reef; it is> m 
fact, a section taken^ E. and W. through the highest pomt 
of the encircled island of Bolabola; of which a plan is 
given in Plate II., Fig. i. The same section is more clearly 
shown in the following woodcut (No. 5) by the unbroken 
lines. The width of the reef, and its slope, both on the 
outer and inner side, will have been determined by the 
growing powers of the coral, under the conditions (for 
instance, the force of the breakers and of the currents) 
to which it has been exposed ; and the lagoon-channel 
will be deeper or shallower, in proportion to the growth, of 
the delicately branched corals within the reef, and to the 
accumulation of sediment, relatively, also, to the rate of 
subsidence and the length of the intervening stationary 
periods. 

It is evident in this section, that a line drawn perp^- 
dicularly down from the outer edge of the new reef to the 
foundation of solid rock, exceeds by as many feet as there 
have been feet of subsidence, that small limit of depth, at 
which the effective polypifers can live, — the corals having 
grown up, as the whole sank down, from a basis formed 
of other corals and their consolidated fragments. Thtts 
the difficulty on this head, which before seemed so great, 
disappears. 

As the space between the reef and the subsiding shore, 
continued to increase in breadth and depth, and as the 

^ The section has been made from the chart given in the of 

the Voya^ of the Coquille, The height of the island, according to 
M, Lesson, is 4,026 feet The deepest part of the lagoon channel is 
162 feet I its depth is exaggerated in the woodcut for the sal^ie of 
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injurious effects of the sediment and fresh water borne 
down from the land were consequently lessened, the 
greater number of the channels, with which the reef in its 
fringing state must have been breached, especially those 
which fronted the smaller streams, will have become choked 
up with the growth of coral : on the windward side of the 
reef, where the coral grows most vigorously, the breaches 
will probably have first been closed. In barrier-reefs, 
therefore, the breaches kept open by draining the tidal 
waters of the lagoon-channel, will generally be placed on 
the leeward side, and they will still face the mouths of the 
larger streams, although removed beyond the influence of 
their sedirnent and fresh water; — and this, it has been 
shown, is commonly the case. 

Referring to the following diagram, in which the newly 
formed barrier-reef is represented by unbroken lines, instead 
of by dots as in the former woodcut, let the work of 
subsidence go on, and the doubly pointed hill will form two 



A'A'—Outer etl^es of the harrier-reef at the level of the sea. Tho cocoa-nut 
trees represent cciral-islets formed on the reef. 

CO— The lagoon channel. 

B'B'— The shores of the island, f^enerally formed of low alluvial land and of 
ooral detritus from the Ingoon-channel. 

The outer edges of the reef now forming an atoll. 

eCThe lagoon of the newly formed atoll. According to the scale, the 
clepfch of the lagoon and of the lagoon-channel is exaggerated. 

874 
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small islands (or more, according to the number of the hills) 
included within one annular reef. Let the island continue 
subsiding, and the coral-reef will continue growing up on its 
own foundation, whilst the water gains inch by inch on the 
land, until the last and highest pinnacle is covered, and 
there remains a perfect atoll A vertical section of this atoll 
is shown in the woodcut by the dotted lines ; — a ship is 
anchored in its lagoon, but islets are not supposed yet to have 
been formed on the reef. The depth of the lagoon and the 
width and slope of the reef, will depend on the circum- 
stances just referred to under barrier-reefs. Any further 
subsidence will produce no change in the atoll, except 
perhaps a diminution in its size, from the reef hot growing 
vertically upwards; but should the currents of the sea act 
violently upon it, and should the corals perish on part or on 
the whole of its margin, changes would result during sub- 
sidence which will be presently noticed. I may here 
observe, that a bank either of rock or of hardened 
sediment, level with the surface of the sea, and fringed 
with living coral, would (if not so small as to allow the 
central space to be quickly filled up with detritus) by 
subsidence be converted immediately into an atoll, without 
passing, as in the case of a reef fringing the shore of an 
island, through the intermediate form of a barrier-reef. If 
such a bank lay a few fathoms submerged, the simple 
growth of the coral (as remarked in the third chapter) 
without the aid of subsidence, would produce a structure 
scarcely to be distinguished from a true atoll ; for in all cases 
the corals on the outer margin of a reef, from having space 
and being freely exposed to the open sea, will grow 
vigorously and tend to form a continuous ring whilst the 
growth of the less massive kinds on the central expanse, 
will be checked by the sediment formed there, and by that 
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washed inwards by the breakers ; and as the space becomes 
shallower, their growth will, also, be checked by the 
impurities of the water, and probably by the small amount 
of food brought by the enfeebled currents, in proportion 
to the surface of living reefs studded with innumerable 
craving mouths : the subsidence of a reef based on a bank 
of this kind, would give depth to its central expanse or 
lagoon, steepness to its flanks, and through the free growth 
of the coral, symmetry to its outline : — I may here repeat 
that the larger groups of atolls in the Pacific and Indian 
Oceans cannot be supposed to be founded on banks of this 
nature. 

If, instead of the island in the diagram, the shore of a 
continent fringed by a reef had subsided, a great barrier- 
reef, like that on the N.E. coast of Australia, would have 
necessarily resulted; and it would have been separated 
from the main land by a deep-water channel, broad in pro- 
portion to the amount of subsidencf, and to the less or 
greater inclination of the neighbouring coast-line. The 
effect of the continued subsidence of a great barrier-reef 
of this kind, and its probable conversion into a chain of 
separate atolls, will be noticed, when we discuss the 
apparent progressive disseverment of the larger Maldiva 
atolls. 

We now are able to perceive that the close similarity in 
form, dimensions, structure, and relative position (which 
latter point will hereafter be more fully noticed) between 
fringing and encircling barrier-reefs, and between these 
latter and atolls, is the necessary result of the transforma- 
tion, during subsidence of the one class into the other. 
On this view, the three classes of reefs ought to graduate 
into each other. Reefs having an intermediate character 
between those of the fringing and barrier classes do exist; 
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for instance, on the S.W. coast of Madagascar, a reef 
extends for several miles, within which there is a broad 
channel from seven to eight fathoms deep, but the sea does 
not deepen abruptly outside the reef. Such cases, however, 
are open to some doubts, for an old fringing-reef, which, bad 
extended itself a little on a basis of its own formation, 
would hardly be distinguishable from a barrier-reefi pro- 
duced by a small amount of subsidence, and with its 
lagoon-channel nearly filled up with sediment during a long 
stationary period. Between barrier-reefs, encircling either 
one lofty island or several small low ones, and atolls includ- 
ing a mere expanse of water, a striking series can be shown: 
in proof of this, I need only refer to the plates in this 
volume, which speak more plainly to the eye, than any 
description could ’to the ear. The authorities from which 
the charts have been engraved, together with some remarks 
on them, are given on a separate page descriptive o£ the 
plates. At New Caledonia (Plate III., Fig. 3) the barrier- 
reefs extend for 150 miles on each side of the submarine 
prolongation of the island ; and at their northern extremity 
they appear broken up and converted into a vast atoll- 
formed reef, supporting a few low coral-islets: we may 
imagine that we here see the effects of subsidence actually 
in progress, — the water always encroaching on the northern 
end of the island, towards which the mountains slope down, 
and the reefs steadily building up their massive fabrics in 
the lines of their ancient growth. 

We have as yet only considered the origin of barrier-rcefs 
and atolls in their simplest form ; but there remain some 
peculiarities in structure and some special cases, described 
in the two first chapters, to be accounted for by our theory. 
These consist in the inclined ledge terminated by a wall, 
and sometimes succeeded hj a second ledge with a wall, 
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round the shores of certain lagoons and lagoon-channels; 
a structure which cannot, as I endeavoured to show, be 
explained by the simple growing powers of the corals, — in 
the ring or bason-like forms of the central reefs, as well as 
of the separate marginal portions of the northern Maldiva 
atolls, — in the submerged condition of the whole, or of parts 
of certain barrier and atoll-formed reefs ; where only a 
part is submerged, this being generally to leeward, — ^in the 
apparent progressive disseverment of some of the Maldiva 
atolls, — in the existence of irregularly formed atolls, some 
being tied together by linear reefs, and others with spurs 
projecting from them, — and, lastly, in the structure and 
origin of the Great Chagos Bank. 

Step-formed ledges round certain lagoons, — If we suppose 
an atoll to subside at an extremely slow rate, it is difficult 
to follow out the complex results. The living corals would 
grow up on the outer margin ; and likewise probably in the 
gullies and deeper parts of the bare surface of the annular 
reef; the water would encroach on the islets, but the 
accumulation of fresh detritus might possibly prevent 
their entire submergence. After a subsidence of this very 
slow nature, the surface of the annular reef sloping gently 
into the lagoorf, would probably become united with the 
irregular reefs and banks of sand, which line the shores 
of most lagoons. Should, however, the atoll be carried 
down by a more rapid movement, the whole surface 
of the annular reef, where there was a foundation of 
solid matter, would be favourably circumstanced for the 
fresh growth of coral; but as the corals grew upwards on 
its exterior margin, and the waves broke heavily on this 
part, the increase of the massive polypifers on the inner 
side would be checked from the want of water. Conse- 
quently, the exterior parts would first reach the surface, 
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and the new annular reef thus formed on the old one, 
would have its summit inclined inwards, and be terminated, 
by a subaqueous wall, formed by the upward growth of tlae 
coral (before being much checked), from the inner edge of 
the solid parts of the old reef. The inner portion of tlie 
new reef, from not having grown to the surface, would 
covered by the waters of the lagoon. Should a subsidence 
of the same kind be repeated, the corals would again grow 
up in a wall, from all the solid parts of the resunken reef, 
and, therefore, not from within the sandy shores of tine 
lagoon \ and the inner part of the new annular reef wonl d, 
from being as before checked in its upward growth, be of 
less height than the exterior parts, and therefore would not 
reach the surface of the lagoon. In this case the shores of 
the lagoon would be surrounded by two inclined ledges,, 
one beneath the other, and both abruptly terminated Iny 
subaqueous cliffs.^ 

The ring or bason-formed reefs of the northern 
atolls . — I may first observe, that the reefs within tine 
lagoons of atolls and within lagoon-channels, would, if 
favourably circumstanced, grow upwards during subsidence 
in the same manner as the annular rim ; and, therefore, we 
might expect that such lagoon-reefs, when dot surrounded 

^ According to Mr. Couthouy (p. 26), the external reef round many 
atolls descends by a succession of ledges or terraces. He attempts, I 
doubt whether successfully, to explain this structure somewhat in thie 
same manner as I have attempted, with respect to the internal ledges 
round the lagoons of some atolls. More facts are wanted regarcdiiig 
the nature both of the interior and exterior step-like ledges: are. all the 
led^s, or only the upper ones, covered with living coral ? If they are 
all covered, are the kinds different on the ledges according to 
depth? Do the interior and exterior ledges occur together in the saime* 
atolls; if so, what is their total width, and is the intervening surfaoe- 
reef narrow, etc. ? 
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and buried by an accumulation of sediment more rapid 
than the rate of subsidence, would rise abruptly from a 
greater depth than that at which the efficient polypifers can 
flourish : we see this well exemplified in the small abruptly- 
sided reefs, with which the deep lagoons of the Chagos and 
Southern Maldiva atolls are studded. With respect to the 
ring or bason-formed reefs of the Northern Maldiva atolls, 
it is evident, from the perfectly continuous series which 
exists, that the marginal rings, although wider than the 
exterior or bounding reef of ordinary atolls, are only modi- 
fied portions of such a reef ; it is also evident that the cen- 
tral rings, although wider than the knolls or reefs which 
commonly occur in lagoons, occupy their place. The ring- 
like structure has been shown to be contingent on the 
breaches into the lagoon being broad and numerous, so 
that all the reefs which are bathed by the waters of the 
lagoon are placed under nearly the same conditions with 
the outer coast of an atoll standing in the open sea. 
Hence the exterior and living margins of these reefs must 
have been favourably circumstanced for growing outwards, 
and increasing beyond the usual breadth ; and they must 
likewise have been favourably circumstanced for growing 
vigorously upwards, during the subsiding movements, to 
which by our theory the whole archipelago has been sub- 
jected; and subsidence with this upward growth of the 
margins would convert the central space of each little reef 
into a small lagoon. This, however, could only take place 
with those reefs, which had increased to a breadth sufficient 
to prevent their central spaces from being almost imme- 
diately filled up with the sand and detritus driven inwards 
from all sides; hence it is that few reefs, which are less 
than half a mile in diameter, even in the atolls where the 
bason-like structure is most strikingly exhibited, include 
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lagoons. This remark, I may add, applies to all coral- 
reefs wherever found. The basonTormed reefs of tlie 
Maldiva Archipelago may, in fact, be briefly described, 
as small atolls formed during subsidence over the separate 
portions of large and broken atolls, in the same manner 
as these latter were formed over the barrier-re*efs, which 
encircled the islands of a large archipelago now wholly 
submerged. 

Submerged and dead reefs . — In the second section of thie 
first chapter, I have shown that there are in the neighbour- 
hood of atolls, some deeply submerged banks, with level 
surfaces; that there, are otWs, less deeply but yet wholly 
submerged, having all the characters of perfect atolls, but 
consisting merely of dead coral-rock ; that there are barrier- 
reefs and atolls with merely a portion of their reef, generally 
on the leeward side, submerged; and that such portions 
either retain their perfect outline, or they appear to 
quite effaced, their former place being marked only by a 
bank, conforming in outline with that part of the reef whicli 
remains perfect. These several cases are, I believe, inti- 
mately related together, and can be explained by tlie 
same means. There, perhaps, exist some submerged reeC^ 
covered with living coral and growing upwards, but to these 
I do not here refer. 

As we see that in those parts of the ocean, where corml* 
reefs are most abundant, one island is fringed and another 
neighbouring one is not fringed; as we see in the same 
archipelago, that all the reefs are more perfect in one part 
of it than in another, — for instance, in the southern half 
compared with the northern half of the Maldiva Archi- 
pelago, and likewise on the outer coasts compared with 
the inner coasts of the atolls in this same group, which 
are placed in a double row; as we know that the existence 
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of the innumerable polypifers forming a reef, depends on 
their sustenance, and that they are preyed on by other 
organic beings ; and, lastly, as we know that some inorganic 
causes are highly injurious to the growth of coral, it cannot 
be expected that during the round of change to which 
earth, air, and water are exposed, the reef-building polypifers 
should keep alive for perpetuity in any one place; and 
still less can this be expected, during the progressive sub- 
sidences, perhaps at some periods more rapid than at 
others, to which by our theory these reefs and islands 
have been subjected and are liable. It is, then, not im- 
probable that the corals should sometimes perish either 
on the whole or on part of a reef; if on part, the dead 
portion, after a small amount of subsidence, would still 
retain its proper outline and position beneath the water. 
After a more prolonged subsidence, it would probably form, 
owing to the accumulation of sediment, only the margin of 
a flat bank, marking the limits of the former lagoon. Such 
dead portions of reef would generally lie on the leeward 
side,^ for the impure water and fine sediment would more 
easily flow out from the lagoon over this side of the reef, 

^ Mr. Lyell, in the first edition of his Principles of Geology^ offered a 
somewhat different explanation of this structure. He supposes that 
there has keen subsidence; but he was not aware that the submerged 
portions of reef were in most cases, if not in all, dead ; and he attributes 
the difference in height in the two sides of most atolls, chiefly to the 
greater accumulation of detritus to windward than to leeward. But as 
matter is accumulated only on the backward part of the reef, the front 
part would remain of the same height on both sides. I may here 
observe that in most cases (for instance, at Peros Banhos, the Gambier 
group and the Great Chagos Bank), and I suspect in all cases, the dead 
and submerged portions do not blend or slope into the living and 
perfect parts, but are separated from them by an abrupt line. In some 
instances small patches of living reef rise to the surface from the middle 
of the submerged and dead parts. 
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where the force of the breakers is less than to windward; 
and therefore the corals would be less vigorous on this side, 
and be less able to resist any destroying agent. It is like- 
wise owing to this same cause, that reefs are more frequently 
breached to leeward by narrow channels, serving as by 
channels, than to windward. If the corals perished entirely, 
or on the greater part of the circumference of an atoll, 
an atoll-shaped bank of dead rock, more or less entirely 
submerged, would be produced; and further subsidence 
together with the accumulation of sediment, would often* 
obliterate its atoll-like structure, and leave only a banlc with 
a level surface. 

In the Chagos group of atolls, within an area of 
miles by 6o, there are two atoll-formed banks of dead rock 
(besides another very imperfect one), entirely submerged; 
a third, with merely two or three very small pieces of living 
reef rising to the surface; and a fourth, namely, Peros 
Banhos (Plate IV., Fig. 3), with a portion nine miles in 
length dead and submerged. As by our theory this area 
has subsided, and as there is nothing improbable in the 
death, either from changes in the state of the surrounding 
sea or from the subsidence being great or sudden, of the 
corals on the whole, or on portions of some of the atolls, 
the case of the Chagos group presents no difficulty. So 
far indeed are any of the above-mentioned cases of sub- 
merged reefs from being inexplicable, that their occurrence 
might have been anticipated on our theory; and as fresh 
atolls are supposed to be in progressive formation by the 
subsidence of encircling barrier-reefs, a weighty objection, 
namely that the number of atolls must be increasing 
infinitely, might even have been raised, if proofs of the 
occasional destruction and loss of atolls could not have 
been adduced. 
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The dissemrment of the larger Maldlva aiolls.—^\\t 
apparent progressive disseverment in the Maldiva Archi- 
pelago of large atolls into smaller ones, is, in many respects, 
an important consideration, and requires an explanation. 
The graduated series which marks, as I believe, this process, 
can be observed only in the northern half of the group, 
where the atolls have exceedingly imperfect margins, con- 
sisting of detached bason-formed reefs. The currents of the 
sea flow across these atolls, as I am informed by Capt. 
Moresby, with considerable force, and drift the sediment 
from side to side during the monsoons, transporting much 
of it seaward; yet the currents sweep with greater force 
round their flanks. It is historically known that these atolls 
have long existed in their present state ; and we can believe, 
that even during a very slow subsidence they might thus 
remain, the central expanse being kept at nearly its original 
depth by the accumulation of sediment. But in the action 
of such nicely balanced forces during a progressive sub- 
sidence (like that, to which by our theory this archipelago 
has been subjected), it would be strange if the currents of 
the sea should never make a direct passage across some one 
of the atolls, through the many wide breaches in their 
margins. If this were once effected, a deep-water channel 
would soon be formed by the removal of the finer sediment, 
and the check to its further accumulation; and the sides of 
the channel would be worn into a slope like that on the 
outer coasts, which are exposed to the same force of the 
currents. In fact, a channel precisely like that bifurcating 
one which divides Malilos Mahdoo (Plate III., Fig. 4), 
would almost necessarily be formed. The scattered reefs 
situated near the borders of the new ocean-cliannel, from 
being favourably placed for the growth of coral, would, by 
their extension, tend to produce fresh margins to the 


COJ^AL-REEFS. 


140 

dissevered portions \ such a tendency is very evident (n.^ 
be seen in the large published chart) in the elongated rrifi 
on the borders of the two channels intersecting 
Mahdoo. Such channels would l)CCome deeper with con* 
tinued subsidence, and probal^ly from the reefs not growiiig 
up perpendicularly, somewhat broader. In this cmsCt 
more especially if the channels had been formed 
of considerable breadth, the dissevered portions would to* 
come perfect and distinct atolls, like Ari and Ross atoii 
(Plate III., Fig. 2), or like the two Nillandoo atolls, wlilci 
must be considered as distinct, although related in form sai 
position, and separated from each other by channels, wlfich 
though deep have been sounded. Further subsidciict 
would render such channels unfathomable, and the 
severed portions would then resemble Fhaleedoo and 
Moluque atolls, or Mahlos Mahdoo and Horsburgh aloii 
(Plate III., Fig. 4), which are related to each other in 
respect except in proximity and position. lienee, on thi 
theory of subsidence, the disseverment of large atolls, wliici 
have imperfect margins (for otherwise their dissevcrmefit 
would be scarcely possible), and which are exposed I© 

■ strong currents, is far from being an improbable event ; and 
the several stages, from close relation to entire isolatioti ill 
the atolls of the Maldiva Archipelago, are readily explicalilft 

We might go even further, and assert as not improbaldCf 
that the first formation of the Maldiva Archipelago was diit 
to a. barrier-reef, of nearly the same dimensions with tt»t 
of New Caledonia (Plate III., Fig, 3), for if, in imagifialicitt» 
we complete the subsidence of that great island, we migtit 

■ anticipate from the present broken condition of th&uorthmm 
portion of the reef, and from the almost entire absence ©f 
reefs on the eastern coast, that the barrier-reef after repeaiti 
subsidences, would b^me. during its upward grewth 
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separated into distinct portions ; and these portions would 
tend to assume an atoll-like structure, from the coral growing 
with vigour round their entire circumferences, when freely 
exposed to an open sea. As we have some large islands j 

partly submerged with barrier-reefs marking their former 
limits, such as New Caledonia, so our theory makes it 
probable that there should be other large islands wholly I 

submerged; and these, we may now infer, would be sur- 
mounted, not by one enormous atoll, but by several large 
elongated ones, like the atolls in the Maldiva group ; 
and these again, during long periods of subsidence, would 
sometimes become dissevered into smaller atolls. I may 
add, that both in the Marshall and Caroline Archipel- 
agoes, there are atolls standing close together, which have 
an evident relationship in form : we may suppose, in such 
cases, either that two or more encircled islands originally 
stood close together, and afforded bases for two or more 
atolls, or that one atoll has been dissevered. I^rom the 
position, as well as form, of three .atolls in the Caroline 
Archipelago (the Namourrek and Klato group), which 
are placed in an irregular circle, I am strongly tempted 
to believe that they have originated by the process of 
disseverment.^ 

Irregtdarly-formed aiolls,—lx\ the Marshall group, Mus- 
quillo atoll consists of two loops united in one point; and 

* The mme remark is, perhaps, applicable to the islands of Ollap, 

Fanadik, and Tamatam in the Caroline Archipelago, of which charts 
are given in the atlas of r>uperrey*s voyage : a line drawn llirongh the 
linear reefs and lagoons of the^e three islandn form.^ a semicircle. 

Considt also, the atlas of Liitk^’s voyage ; and for the Marshall gronp 
timt of Kolzelaie ; for the Gilbert group con.sult the atlas of Duperrey's 
voyage. Most of the point* here referred to may, however, he seen 
in K:r«senstcrn% general Aiks of the Pacific* 
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Menchicoff atoll is formed of three loops, two of whicH (21s 
maybe seen in Fig. 2, Plate L) are connected by a inerC 
ribbon-shaped reef, and the three together are 60 miles in 
length. In the Gilbert group some of the atolls lia.ve 
narrow strips of reef, like spurs, projecting from tln.em. 
There occur also in parts of the open sea, a few linear a-nd 
straight reefs, standing by themselves; and likewise some 
few reefs in the form of crescents, with their extremities 
more or less curled inwards. Now, the upward growthi of a 
barrier-reef which fronted only one side of an island, or one 
I side of an elongated island with its extremities (of wb.ich 

cases exist), would produce after the complete subsidence 
of the land, mere strips or crescent or hook-formed reofs ; 
if the island thus partially fronted became divided during 
subsidence into two or more islands, these islands would be 
united together by linear reefs ; and from the fartber 
growth of the coral along their shores together with, stib- 
sidence, reefs of various forms might ultimately be produced, 
either atolls united together by linear reefs, or atolls with 
spurs projecting from them. Some, however, of the more 
simple forms above specified, might, as we have seen, be 
equally well produced by the coral perishing during sub- 
sidence on part of the circumference of an atoll, whilst on 
the other parts it continued to grow up till it reached the 
surface. 

The Great Chagos Bank . — I have already shown that 
the submerged condition of the Great Chagos Bank ( Folate 
IV., Fig. I, with its section Fig. 2), and of some other 
banks in the Chagos group, may in all probability be 
attributed to the coral having perished before or during the 
movements of subsidence, to which this whole area by our 
theory has been subjected. The external rim or upiper 
ledge (shaded iirj the chart), consist of dead coral-rock thinlj 
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covered with sand ; it lies at an average depth of between 
five and eight fathoms, and perfectly resembles in form the 
annular reef of an atoll. The banks of the second level, 
the boundaries of which are marked by dotted lines in the 
chart, lie from about fifteen to twenty fathoms beneath the 
surface ; they are several miles broad, and terminate in a 
very steep slope round the central expanse. This central 
expanse I have already described, as consisting of a level 
muddy flat between thirty and forty fathoms deep. The 
banks of the second level, might at first sight be thought 
analogous to the internal step-like ledge of Coral-rock which 
borders the lagoons of some atolls, but their much greater 
width, and their being formed of sand, are points of 
essential difference. On the eastern side of the atoll some 
of the banks are linear and parallel, resembling islets in a 
great river, and pointed directly towards a great breach on 
the opposite side of the atoll ; these are best seen in the 
large published chart I inferred from this circumstance, 
that strong currents sometimes set directly across this vast 
bank; and I have since heard from Capt. Moresby that this 
is the case. I observed, also, that the channels or breaches 
through the rim, were all of the same depth as the central 
lagoon-like space into which they lead; whereas the 
channels into the other atolls of the Chagos groups and as I 
believe into most other large atolls, are not nearly as deep 
as their lagoons : — ^for instance at Peros Banhos, the 
channels are only of the same depth, namely between lo 
and 2 0 fathoms, as the bottom of the lagoon for a s|mce 
about a mile and a half in width round its shores, whilst the 
central expanse of the lagoon is from 35 to 40 fathoms 
deep. Now, if an atoll during a gradual subsidence once 
became entirely submerged, like the Great Chagos Bank, 
and therefore no longer exposed to the surf, very little 
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sediment could be formed from it ; and consequently the : 
channels leading into the lagoon from not being filled 
up with drifted sand and coral detritus, would continue 
increasing in depth, as the whole sank clown. In this case, 
we might expect that the currents of the open sea, instead 
of any longer sweeping round the submarine flanks, would 
flow directly through the breaches across the lagoon, 
removing in their course the finer sediment, and preventing 
its further accumulation. We should then have the sub- 
merged reef forming an external and upper rim of rock, and 
beneath this portion of the sandy bottom of the old lagoon, 
intersected by deep-water channels or breaches, and thus 
formed into separate marginal banks ; and these would be 
cut off by steep slopes, overhanging the central space, worn 
down by the passage of the oceanic currents. 

By these means, I have scarcely any doubt that the 
Great Chagos Bank has originated,— a structure which at 
first appeared to me far more anomalous than any I had 
met with. The process of formation is nearly the same 
with that, by which Mahlos Mahdoo had been trisected; 
but in the Chagos Bank the channels of the oceanic 
currents entering at several different quarters, Iiave united 
in a central space. 

This great atoll-formed bank appears to be in an early 
stage of disseverment ; should the work of subsidence go 
on, from the submerged and dead condition of the whole 
reef, and the imperfection of the S.E. quarter, a mere wreck 
would probably be left. The Pitt's Bank, situated not far 
southward, appears to be precisely in this state ; it consists 
of a moderately level, oblong bank of sand, lying from lo 
to 20 fathoms beneath the surface, with two sides protected 
by a narrow ledge of rock which is sul>merged between 5 
and 8 fathoms. A little further south, at about the same 
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distance as the southern rim of the Great Cliagos Bank is 

from the northern rim, there arc two other small hanks with 

from 10 to 20 fathoms on them; and not far eastward 

soundings were struck on a sandy bottom, with between ' 

no and 145 fathoms. The northern portion with its 

Icdge-like margin, closely resembles any one segment of 

the Great Chagos Bank, between two of the deep-water ! 

channels, and the scattered l)anks, southward appear to be ^ 

the last wrecks of less perfect portions, 

I have examined with care the charts of the Indian and 
Pacific Oceans, and have now brought before the reader all 
the examples, which I have met with, of reefs diflcring from 
the type of the class to which they liclong ; and I think it 
has been satisfactorily shown, that they are all included in . 
our theory, modified by occasional accidents which might 
have been anticipated as probable. In this course we have 
seen, that in the lapse of ages encircling barrier»reefs are 
occasionally converted into atolls,~the name of atoll lieing 
properly applicable, at the moment when the last pinmutle 
of encircled land sinks beneath the surface of the sea. We 
have, also, seen that large atolls during the firogressive 
subsidence of the areas in which they stand, sometirncM 
become dissevered into smaller ones ; at other times, tlie 
xeef-building polypifers iiaving entirely perished, atolls are 
converted into atolhformcd lianks of dead rock ; arid tltese 
again through further sul^sidcnce arul tlie accumulation 
of sediment modified by the force of the oceanic currents, 
p.ss into level banks with scarcely any dkliriguishing 
■^character. Thus may the history of an atoll be followed 
from its first origin, through the occasional accidents cif its 
exiitence, tfe its destruction and final obliteration. 

Okfectims the timry 0/ the f&rmathm Ai^i/s a^id 
Earrf^r-rei/s,-^Hie vast amount of stilwklence, bolli 

SjS 

1 

■ ■ I 
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horizontally or in area, and vertically or in depth, necessary 
to have submerged every mountain, even the hi^^est, 
throughout the immense spaces of ocean interspersed, with 
atolls, will probably strike most people as a formidable 
objection to my theory. But as continents, as large as the 
spaces supposed to have subsided, have been raised alDOve 
the level of the sea, — as whole regions are now rising, 
for instance, in Scandinavia and South America, — and as 
no reason can be assigned, why subsidences should not laave 
occurred in some parts of the earth’s crust on as great a 
scale both in extent and amount as those of elevation, 
objections of this nature strike me as of little force. The 
remarkable point is that movements to such an extent sliould 
have taken place within a period, during which the poly- 
pifers have continued adding matter on and above the same 
reefs. Another and less obvious objection to the theory will 
perhaps be advanced from the circumstance, of the lagoons 
within atolls and within barrier-reefs never having become 
in any one instance during prolonged subsidences of a 
greater depth than 60 fathoms, and seldom more than 40 
fathoms ; but w^e already admit, if the theory be wortbi con- 
sidering, that the rate of subsidence has not exceeded that 
of the upward growth of the coral on the exterior margin ; 
we are, therefore, only further required to admit, that the 
subsidence has not exceeded in rate the filling up of the 
interior s^mces by the growth of the corals living there, and 
by the accumulation of sediment. As this filling up must 
lake pkce vaj slowly within barrier-reefs lying far frc m the 
knd, and within atolls which are of large dimensions and 
which have open lagoons with very few reefs, we are led to 
ccmdude that the subsidence thus counterbalihced, must 
have been slow in an extraordinary degree; a conclusion 
which acOTds with our only mean% namely, with what is 
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known of tlie rate and maimer of recent elevatery niove- 
ments, of juilgi ng by analogy what is tlie probable rate of 
subsidence. 

In this chapter it haSj I think, been shown, that the tlie-^rv^ 
of subsidence, which \ve were compelled to receive from tne 
necessity of giving to the corals, in certain large areas, 
foundations at the requisite depth, explains both the normal 
stiacture and the less regular forms of those two great 
classes of reefs, which have justly excited the astonishment 
of all persons who have sailed through the Pacific and 
Indian Oceans. But further to test the truth of the theory, 
a crowd of questions will occur to the reader : Do tlic 
diftcrent kinds of reefs, which have been produced by the 
same kind of movement, generally lie within the same areas? 
What is their relation of form and position,— -for instance, 
do adjoining groups of atolls, and the separate atolls in these 
groups, bear the same relation to each other which islands 
do in common archipelagoes ? Have we reason to believe, 
that where there are fritiging-reefs, there has not lately been 
subsidence ; or, for it is almost our only way of ascertaining 
this point, are there frequently proofs of recent elevation? 
Can we by this means account for the presence of certain 
classes of reefs in some large areas, and their entire absence 
in others ? Do the areas which have subsided, as indicated 
by the presence of atolls and barrier-reefs, and the areas 
which have remained stationary or have been upraised, as 
shown by fringing-reefs.,, bear any determinate relation to 
each other ; and are tb.e dimensions of these areas such as 
Imimonise with the greatness of the subterranean changes, 

. which, it must be supposed, have lately taken place 
beneath them? Is there any connection between the 
niovements thus indicated, and recent volcanic action? All 
these questions ought to receive answers in accordance with 
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the theory; and if this can be satisfactorily shown, not 
only is the theory confirmed, but as deductions, the answers 
are in themselves important. Under this latter point of 
view, these questions will be chiefly considered in the 
following chapter.^ 

^ 1 may take this opportunity of briefly considering the appearances, 
which would probably be presented by a vertical and deep section 
across a coral formation (referring chiefly to an atoll), formed hy the 
upward growth of coral during successive subsidences. This is a 
subject worthy of attention, as a means of comparison with ancient 
coral-strata. The circumferential parts would consist of massive 
species, in a vertical position, with their interstices filled up with 
detritus; but this would be the part most subject to subsequent denuda- 
tion and removal. It is useless to speculate how large a portion of the 
exterior annular reef would consist of upright coral, and how much of 
fragmentary rock, for this would depend on many contingencies,-— 
such as on the rate of subsidence, occasionally allowing a fresh growth 
of coral to cover the whole surface, and on the breakers having force 
sufficient to throw fragments over this same space. The conglomerate 
which composes the base of the islets, would (if not removed by 
denudation together with the exterior reef on which it rests) be con- 
spicuous from the size of the fragments, — the different degrees in which 
they have been rounded, — the presence of fragments of conglomerate 
torn up, rounded, and recemented, — and from the oblique stratification. 
The corals which lived in the lagoon-reefs at each successive level, 
would be preserved upright, and they would consist of many kinds, 
generally much branched. In this part, however, a very large propor- 
tion of the rock (and in some cases nearly all of it) would be formed of 
sedimentary matter, either in an excessively fine, or in a moderately 
COB.TS& state, and with the particles almost blended together. The 
conglomerate which was formed of rounded pieces of the branched 
corals, on the shores of the lagoon, would differ from that formed on 
the islets and derived from the outer coast; yet both might have 
accumulated very near each other. I have seen a conglomerate lime- 
stone from Devonshire like a conglomerate now forming on the shores 
of fhe Maldiva atolls. The stratification taken as a whole, would be 
hoiizontal; but the conglomerate beds resting on the exterior reef, and 
the beds of sandstone on the shor® of the lagoon (and no doubt on the 
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external flanlcs) would probaLly be divided (as ai Keeling atoll axn.Iat 
^lauritius) by nunneroiis layers dipping at con'-^iderable angles ;n 
different directions. The calcareous sandstone and coral -rock 
almost necessarily contain innumerable sMls, ecliini, and the Iv-ucs -'A 
fishj turtle^ and perhaps of birds; possibly, also, the bones of sr:i:ul 
saurians, as these animals find their way to the islands far remote ir.ni 
any continent. The large shells of some species of Tridacna would Vt 
found vertically imbedded n the solid rock, in the position ia which 
they lived. "We might expect also to find a mixture of the remains of 
pelagic and littoral animals in the strata formed in the lagcxjn, for 
pumice and the seeds of plants are floated from distant comtries into 
the lagoons of many atolls : on the outer coast of Keeling atoll, near 
tbe month of the lagoon, the case of a pelagic Pteropodoos animal was 
tsrought up on the arming of the sounding lead. Ail the loose blocks 
of coral on Keeling atoll were burrowed by vermiform animals; and as 
overy cavity, no doubt, ultimately becomes tilled with spathose lime, 
stone, slabs of the rock taken from a considerable depth, would, if 
polislted, probably exhibit the excavations of such burrowing animab’s. 
The conglomerate and fine-grained beds of coral -rock would bo 
tiard, sonorous, white and composed of nearly pure calcaret 3 as 
matter; in some few parts, judging from the specimens at Keeling 
a.toll„ they would probably contain a small quantity of iron. Floating 
pumice and scorise, and occasionally stones transported in the root of 
trees (see my fournal of Restcuchss^ p. 549) appear the only sources, 
tlirough which foreign matter is brought to coral-formations standing in 
tb’e open ocean. The area over which sediment is transported from 
croral -reefs must be considerable; Capt. Moresby in forms me that 

■ enuring the change of monsoons the sea is discoloured to a considerabis 
• , distance off the Maldiva and Chagos atolls. The sediment of fringing 
■ f*T»A barrier coral-reefs must be mingled with the mud, which is 

■ brought down from the land, and is transported seaward through the 
breaiches, which occur in front of almost every valley. If the atolls of 

■■ the larger archipelagoes were upraised, the bed of the ocean being 
converted into land, they would form flat-topped mountains, varying ia 
dmmeter from a few miles (the smallest atolls being worn away) to 

■ sixty miles ; and from being horizontally stratified and of similar coia- 
pc^ition, they would, as Mr. Lyell has remarked, falsely appear as if 

had originally been united into one mst continuous mass. Such 
strata of corf-roclc would rarely be associated with erupted 
matte, for thus comld only take place, as wmj -he Marred 
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from what follows in the next chapter, when the area, in which they 
were situated, commenced to rise, or at least ceased to subside. 
During the enormous period necessary to effect an elevation of the 
kind just alluded to, the surface would necessarily be denuded to a 
great thickness; hence it is highly improbable that any fringing-reef, 
or even any barrier-reef, at least of those encircling small islands, 
w^ould be preserved. From this same cause, the strata which were 
formed within the lagoons of atolls and lagoon-channels of barrier- 
reefs, and which must consist in a large part of sedimentary matter, 
would more often be preserved to future ages, than the exterior solid 
reef, composed of massive corals in an upright position ; although it is 
on this exterior part that the present existence and further growth of 
atolls and barrier-reefs entirely depend. 



CHAPTER YL 


01^ THE DISTRIBUTION OF CORAL-REEFS WITH 
REFERENCE TO THE THEORY OF THEIR FOR- 
MATION. 

Description cf the coloured map. — JProximi'y of atolls and harrier-rce/s, 
— Relation in form and position cf czt oils svitk ordinary islands . — 
Direct evidence of subsidence di^cuU to de detected — Proofs of 
recent elevation where fringing‘re^s occur. — Oscillations of level . — 
Absence of active volcanoes in the areas of subsidence. — Immensity 
of the (areas vohich have been elevated and have subsided. — Their 
relation to the present distribution of the — Areas of sub- 

sidence elongated, their intersection aoid alternatiom with those 
of elevation. — Amount, and si (no rate of the subsidence . — Re- 
capitulation. 

It will be convenient to give here a short account of the 
appended map (Plate Y.) : a fuller one, with the data for 
colouring each spot, is reserved for the Appendix; and 
every place there referred to may be found in the Index. 
A larger chart would have been desirable; but, small as 
the adjoined one is, it is the result of many months' labour, 
I have consulted, as far as I was able, every original voyage 
and map; and the colours were first laid down on charts 
on a larger scale. The same blue colour, with merely a 
difference in the depth of tint, is used for atolls or lagoon- 
islands, and barrier-reefs, for we have seen, that as far as 
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the actual coral-formation is concerned, they have no dis- 
tinguishing character. Fringing-reefs have been coloured 
red, for between them on the one hand, and barrier-reefs 
and atolls on the other, there is an important distinction 
with respect to the depth beneath the surface, at which 
we are compelled to believe their foundations lie. The 
two distinct colours, therefore, mark two great types of 
structure. 

The darh blue colour represents atolls and submerged 
annular reefs, with deep water in their centres. I have 
coloured as atolls, a few low and small coral-island 
without lagoons ; but this has been done only when it 
clearly appeared that they originally contained lagoons, 
since filled up with sediment : when there were not good 
grounds for this belief, they have been left uncoloured. 

The/^/<f Mm colour represents barrier-reefs. The most 
^obvious character of reefs of this class is the broad 
and deep-water moat within the reef : but this, like the 
lagoons of small atolls, is liable to become filled up with 
detritus and with reefs of delicately branched corals : when, 
therefore, a reef round the entire circumference of an island 
extends very far into a profoundly deep sea, so that it can 
hardly be confounded with a fringing-reef which must rest 
on a foundation of rock within a small depth, it has been 
coloured pale blue, although it does not include a deep- 
water moat; but this has only been done rarely, and each 
case is distinctly mentioned in the Appendix. 

The red colour represents reefs fringing the land quite 
closely where the sea is deep, and where the bottom is 
gently inclined extending to a moderate distance from it, 
but not having a deep-water moat or lagoon-like space 
parallel to the shore. It must be remembered that fringing- 
reefs are frequently breached in front of rivers and valleys by 
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deepisli channels, where mud has been deposited. A space 
of 30 miles in width has been coloured round or in front 
of the reefs of each class, in order that the colours might be 
oonspicuous on the appended map, which is reduced to so 
small a scale. 

The vermilion spsts and streaks represent volcanoes 
now in action, or historically known to have been so. They 
are chiefly laid down from Von Buch^s work on the Canary 
Islands j and my reasons for making a few alterations are 
given in the note belowA 

2 I have also made considerable use of the geological part of 
JBerghaus’ Physical Atlas, Beginning at the eastern side of the 
I^acific, I have added to the number of the v'oi canoes In the southern 
part of the Cordillera, and have coloured Juan Fernandez according to 
observations collected during the voyage of the Beag-le {GeaL Trans. ^ 
vol. V. p. 601). I have added a volcano to Albemarle Island, one of 
the Galapagos Archipelago (the author’s Journal oj Pesearchss^ p. 457}. 
In the Sandwich group there are no active volcanoes, except at Hawaii; 
"but the Rev. W. Ellis informs me, there are streams of lava apparently 
modem on Maui, having a very recent appearance, which can be traced 
to the craters whence they flowed. The same gentleman informs me, 
tliat there is no reason to believe that any active volcano exists in the 
Society Archipelago ; nor are there any known in the Samoa or Navi- 
g:ator group, although some of the streams of lava and craters there 
appear recent. In the Friendly group, the Rev. J. Williams says 
{^Marraiwe of BHssionary Enterprise, p 29) that Toofe and Proby 
Islands are active volcanoes. I infer from Hamilton’s Voyage in ike 
JRmidara (p. 95), that Proby Island is synonymous with Onouafou, 
"but I have not ventured to colour it. There can be no doubt respecting 
Xoofoa, and Captain Edwards (Von Each, p. 386) found the lava of 
recent eruption at Amargura still smoking. Berghaus marks four active 
volcsanoes actually within the Friendly group ; but I do not know on 
what authority : I may mention that Maui^lle describes Latte as having 
a. bnmt-up appearance: I have marked only Toofoa and Amargura- 
South of the New Hebrides lies Matthews Rock, which, is drawn and 
descrilDed as an active crater in tbe Voyage of ike Astrolake. Between 

and the volcano on the eastern side of IJew Zealand, lies Brimstone 
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The uncoloured coasts consist, first and chiefly, of those 
where there are no coral-reefs, or such small portions as 
to be quite insignificant. Secondly, of those coasts where 
there are reefs, but where the sea is very shallow, for in this 
case the reefs generally lie far from the land, and become 
very irregular, in their forms ; where they have not become 
irregular, they have been coloured. Thirdly, if I had the 
means of ascertaining the fact, I should not colour a reef 
merely coating the edges of a submarine crater, or of a level 
submerged bank; for such superficial formations differ 
essentially, even when not in external appearance, from reefs 
whose foundations as well as superficies have been wholly 
formed by the growth of coral. Fourthly, in the Red 

Island, which from the high temperature of the water in the crater, may 
be ranked as active (Berghaus, Vorbrnierk^ ii Lief. S. 56). Malte 
Bran, vol. xii. p. 23 1, says that there is a volcano near port St. Vincent 
in New Caledonia. I believe this to be an error, arising from a smoke 
seen on the opposite coast by Cook {Q.nd Voyage^ vol. ii. p. 23), which 
smoke went out at night. The Mariana Islands, especially the northern 
ones, contain many craters (see Freycinet’s Hydrog, ) which are 

not active. Von Buch, however, states (p. 462) on the authority of La 
Peyrouse, that there are no less than seven volcanoes between these 
islands and Japan. Gemelli Careri (Churchill’s Colled, y vol. iv. p. 458) 
says there are two active volcanoes in lat. 23® 30', and in lat. 24° : but 
I have not coloured them. From the statements in Beech ey’s Voyage 
{p. 518, 4to ed.), I have coloured one in the northern part of the Bonin 
group. M. S. Julien has clearly made out from Chinese manuscripfcs 
not very ancient {Comptes RenduSy 1840, p. 832), that there are two 
active volcanoes on the eastern side of Formosa. In Torres Straits, on 
Cap Island (9® 48' S , 142® 39' E. ) a volcano was seen burning with 
great violence in 1793 by Capt Bampton (see Introduction to Flinders’ 
Voyagey p. 41). Mr. M‘CIelland {Report of Committee for investigpating 
Coal in IndtUy p. 39) has shown that the volcanic band passing through 
Barren Island must be extended northwards. It appears by an old 
chart, that Chedula was once an active volcano (see also Szlli' 
iizofCs Rof'tM' ^mericem Joumaly vol, xxxviii. p. 385), In Berghaus* 
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Seaj and within some parts of the East Indian Archipelago 
(if the imperfect charts of the latter can be trusted), there 
are many scattered reefs, of small size, represented in the 
chart by mere dots, which rise out of deep water : these 
cannot be arranged under either of the three classes : in 
the Red Sea, however, some of these little reefs, from their 
position, seem once to have formed parts of a continiious 
barrier. There exist, also, scattered in the open ocean, 
some linear and irregularly formed strips of coral-reef, 
which, as shown in the last chapter, are probably allied in 
their origin to atolls ; but as they do not belong to that 
class, they have not been coloured ; they are very few in 
number and of insignificant dimensions. Lastly, some 
reefs are left uncoloured from the want of information 
respecting them, and some because they are of an inter- 
mediate structure between the barrier and fringing classes. 
The value of the map is lessened, in proportion to the 
number of reefs which I have been obliged to leave 
uncoloured, although, in a theoretical point of view, few 
of them present any great difficulty : but their number 
is not very great, as will be found by comparing the map 
with the statements in the Appendix. I have experienced 

JMj's. A lias ^ 1840, No. 7 of Geological Part, a volcano on the 
coast of Pondicherry is said to have hurst forth in 1757. Or din 
aire {Hist, JSlaL des Volcans, p. 21S) says that there is one at 
the mouth of the Persian Gulf, hut I have not coloured it, as 
he gives no particulars. A volcano in ArasterdanQ, or St, Faults, 
in the southern part of the Indian Ocean, has been seen [Naui, 

183S, p. 842) in action. Dr. J. Allan, of Forres, informs me In a 
letter, that when he was at Joanna, he saw at night ftames apparently 
voicanic, issuing from the chief Comoro Island, and that the Arabs 
assured him that they were volcanic, adding that the volcano burned 
more during the wet season. I have marked this as a volcano, though 
with some hesitation, on account of the possibility of the flame arising 
from gaseous sources. 
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more difficulty in colouring fringing-reefs than in colouring 
barrier-reefs, as the former, from their much less dimensions, 
have less attracted the attention of navigators. As I have 
had to seek my information from all kinds of sources, and 
often from indirect ones, I do not venture to hope that 
the map is free from many errors. Nevertheless, I trust 
it will give an approximately correct view of the general 
distribution of the coral-reefs over the whole world (witli 
the exception of some fringing-reefs on the coast of Brazil, 
not included within the limits of the map), and of their 
arrangement into the three great classes, which, though 
necessarily very imperfect from the nature of the objects 
classified, have been adopted by most voyagers. I may 
further remark, that the dark blue colour represents land 
entirely composed of coral-rock ; the pale blue, land with a 
wide and thick border of coral-rock ; and the red, a mere 
narrow fringe of coral-rock. 

Looking now at the map under the theoretical point of 
view indicated in the last chapter, the two blue tints signify 
that the foundations of the reefs thus coloured have subsided 
to a considerable amount, at a slower rate than that of the 
upward growth of the corals, and that probably in many cases 
they are still subsiding. The red signifies that the shores 
which support fringing-reefs have not subsided (at least to 
any considerable amount, for the effects of a subsidence on 
a small scale would in no case be distinguishable) ; but that 
they have remained nearly stationary since the period when 
they first became fringed by reefs; or that they are now 
rising or have been upraised, with new lines of reefs sue- 
c^sively formed on them : these latter alternatives are 
obviously implied, as newly formed lines of shore^ after 
elevations of the land, would be in the same state with 
respect to the growth of fringing-reefs, as stationary coasts. 




m 

If during the prolonged subsidence of a shore, coral-reefs 
grew for the first time on it, or if an old barrier -reef were 
destroyed and submerged, and new reefs became attached 
to the land, these would necessarily at first belong to tlie 
fringing class, and, therefore, be coloured red, although the 
coast was sinking; but I have no reason to believe, that 
from this source of error, any coast has been coloured 
wrongly with respect to movement indicated. Well charac- 
terised atolls and encircling barrier-reefs, where several 
occur in a group, or a single barrier-reef if of large 
dimensions, leave scarcely any doubt on the mind respect- 
ing the movement by which they have been produced; 
and even a small amount of subsequent elevation is soon 
betrayed The evidence from a single atoll or a single 
encircling barrier-reef, must be received with some caution, 
for the former may possibly be based upon a submerged 
crater or bank, and the latter on a submerged margin of 
sediment, or of worn-down rock. Prom these remarks we 
may with greater certainty infer that the spaces, especially 
the larger ones, tinted blue in the map, have subsided, 
than that the red spaces have remained stationary, or have 
been upraised. 

the grouping- of the different classes cf reefs . — Having 
made these preliminary remarks, I will consider first bow 
far the grouping of the different kinds of coral-islands and 
r^fs is corroborative of the truth of the theory. A glance 
at the map shows that the reef^ coloured blue and red, 
produced under widely different conditions, are not indis- 
criminately mixed together. Atolls and barrier-reefs, on 
the other hand, as may be seen by the two blue tints, 
generally lie near each other; and this would be the natural 
result of both having been produced during the subsidence 
of the areas in which they stand. Thus, the largest group 
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of encircled islands is that of the Society Archipelago ; and 
these islands are surrounded by atolls, and only separated 
by a narrow space from the large group of Low atolls. 
In the midst of the Caroline atolls, there are three fine 
encircled islands. The northern point of the barrier-reef of 
New Caledonia seems itself, as before remarked, to form a 
complete large atoll. The great Australian barrier is de- 
scribed as including both atolls and small encircled islands. 
Capt. King^ mentions many atoll-formed and encircling 
coral-reefs, some of which lie within the barrier, and others 
may be said (for instance between lat 16“ and 13“) to form 
part of it. Flinders^ has described an atoll-formed reef in 
lat. 10®, seven miles long and from one to three broad, 
resembling a boot in shape, with apparently very deep water 
within. Eight miles westward of this, and forming part of 
the barrier, lie the Murray Islands, which are high and are 
encircled. In the Corallian Sea, between the two great 
barriers of Australia and New Caledonia, there are many 
low islets arid coral-reefs, some of which are annular, or 
horse-shoe shaped. Observing the smallness of the scale 
of the map, the parallels of latitude being 900 miles apart, 
we see that none of the large groups of reefs and islands 
supposed to have been produced by long-continued sub- 
sidence, lie near extensive lines of coast coloured red, 
which are supposed to have remained stationary since the 
growth of tlreir reefs, or to have been upraised and new 
lines of reefs formed on them. Where the red and blue 
circles do occur near each other, I am able, in several 
instances, to show that there have been oscillations of level, 
subsidence having preceded the elevation of the red spots ; 

^ Sailing Directions, appended to vol. ii. of his Survey ing Voyag^e to 
Australia. 

^ Veye^ to Terra Australis^ vol. ii. p. 336. 
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and elevation having preceded the subsidence of the blue 
spots : and in this case the juxtaposition of reefs belonging 
to the two great types of structure is little surprising. We 
may, therefore, conclude that the proximity in the same 
areas of the two classes of reefs, which owe their origin to 
the subsidence of the earth’s crust, and their separation 
from those formed during its stationary or uprising con- 
dition, holds good to the full extent, which might have 
been anticipated by our theory. 

As groups of atolls have originated in the upward growth, 
at each fresh sinking of the land, of those reefs which 
primarily fringed the shores of one great island, or of 
several smaller ones ; so we might expect that these rings 
of coral-rock, like so many rude outline charts, will still 
retain some traces of the general form, or at least general 
range, of the land, round which they were first modelled. 
That this is the case with the atolls in the Southern Pacific 
as far as their range is concerned, seems highly probable, 
when we observe that the three principal groups are directed 
in N.W. and S.E. lines, and that nearly all the land in the 
S. Pacific ranges in this same direction ; namely, N. Western 
Australia, New Caledonia, the northern half of New Zea- 
land, the New Hebrides, Saloraan, Navigator, Society, 
Marquesas, and Austral archipelagoes : in the Northern 
Pacific, the Caroline atolls abut against the N.W. line of 
the Marshall atolls, much in the same manner as the 
E. and W. line of islands from Ceram to New Britain do 
on New Ireland : in the Indian Ocean the Laccadive and 
Maldiva atolls extend nearly parallel to the western and 
, mountainous coast of India. In most respects, there is a 
perfect resemblance with ordinary islands in the grouping 
of atolls and in their form : thus the outline of all the 
larger groups is elongated ; and the greater number of the 
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individual atolls are elongated in the same direction^ with 
the group, in which they stand. The Chagos group is less 
elongated than is usual with other groups, and the individual 
atolls in it are likewise but little elongated ; this is strikingly 
seen by comparing them with the neighbouring. Maldiva 
atolls. In the Marshall and Maldiva archipelagoes, the 
atolls are ranged in two parallel lines, like the mountains in 
a great double mountain-chain. Some of the atolls, in the 
larger archipelagoes, stand so near to each other, and have 
such an evident relationship in form, that they compose 
little sub-groups : in the Caroline Archipelago, one such 
sub-group consists of Pouynipbte, a lofty island encircled by 
a barrier-reef, and separated by a channel only four miles 
a half wide from Andeema atoll, with a second atoll “a little 
further off. In all these respects an examination of a series 
of charts will show how perfectly groups of atolls resemble 
groups of common islands. 

On the direct evidence oj the blue spaces in the map having 
subsided during the upward growth of the reefs so coloured^ 
and of the red spaces having remained stationary^ or having 
been upraised.- — With respect to subsidence, I have shown 
in the last chapter, that we cannot expect to obtain in- 
countries inhabited only by semi-civilised races, demon- 
strative proofs of a movement, which invariably tends to 
conceal its own evidence. But on the coral-islands 
supposed to have been produced by subsidence, we have 
proofs of changes in their external appearance — of a round 
of decay and renovation — of the last vestiges of land on 
some — of its first commencement on others : we hear of 
storms desolating them to the astonishment of their 
inhabitants: we know by the great fissures with which 
some of them are traversed, and by the earthquakes felt 
rinder others, that subterranean disturbances of some kind 
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are in progress. These facts, if not directly connected Tritli 
subsidence, as I believe they are, at least show how difficult 
it would be to discover proofs of such movement by 
ordinary means. At Keeling atoll, however, I have 
described some appearances, which seem directly to show 
that subsidence did take place there during the late earth- 
quakes. Yanikoro, according to the Chevalier Dillon,^ is 
often violently shaken by earthquakes, and there, the 
unusual depth of the channel between the shore and the 
reef, — the almost entire absence of islets on the reef, — its 
wall-like structure on the inner side, and the small quantity 
of low alluvial land at the foot of the mountains, all seem 
to show that this island has not remained long at its present 
level, with the lagoon-channel subjected to the accumula- 
tion of sediment, and the reef to the wear and tear of the 

^ See Capt. Dillon's Voya§petn search cj La JPeyrouse, M. Cordier, 
in m the Voyage of the Astrolabe (p. cxL vol. i,), speaking 

of Vanikoro, sayB the shores are surrounded by reefs of madrepore, 

qu^m assure etre de formation iotd-afait modemeE I have in vain 
endeavoured to learn some further particulars about this remarkable 
passage. I may here add, that according to our theory, the island 
of Pouynip^te (Plate I., Fig. 3), in the Caroline Archipelago, leing 
encircled by a barrier-reef, must have subsided. In the Ne^ S, IFales 
JdL Advert,, Feb. 1835 (which I have seen through the favour of Dr. 
Xloghtsky), there is an account of this island (subsequently confomed 
by Mr. Campbell), in which it is said, “At the N.E. end, at a place 
called Tamen, there are ruins of a town, now only accessible by lx>ats, 
the waves reaching to the steps of ike houses E Judging from this 
imssage, one would be tempted to conclude that the island must have 
subsided, since these houses were built. I may, also, here append a 
statement in Malte Brun (vol, ix. p. 775, given without any authority), 
that the sea gains in an extraordinary manner on the coast of Cochin 
China, which lies in front and near the subsiding coral-reefs in the 
Chiria* Sea: as the coast is granitic, and not alluvial, it is scarcely 
possible that the encroachment of the sea can be owing to the washing 
away of the land ; and if so, it must be due to subsidence. 
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breakers. ^ At the Society Archipelago, on the other liand, 
where a slight tremor is only rarely felt, the shoaliness of the 
lagoon-channels round some of the islands, the number of 
islets formed on the reefs of others, and the broad belt of 
low land at the foot of the mountains, indicate that, 
although there must have been great subsidence to have 
produced the barrier-reefs, there has since elapsed a long 
stationary period.^ 

^ Mr. Couthouy states (Remarks, p. 44) that at Tahiti and Eimeo 
the space between the reef and the shore has been nearly filled up by 
the extension of those coral-reefs, which within most barrier-reefs 
merely fringe the land. From this circumstance, he arrives at the 
same conclusion as I have done, that the Society Islands since their 
subsidence, have remained stationary during a long period ; hut h^v 
further believes that they have recently commenced rising, as well' as 
the whole area of the Low Archipelago. He does not give any 
detailed proofs regarding the elevation of the Society Islands, but I 
shall refer to this subject in another part of this chapter. Before 
making some further comments, I may observe how satisfactory it is to 
me, to find Mr. Couthouy affirming, that “having personally examined 
a large number of coral-islands, and also residing eight months among 
the volcanic class, having shore and partially encircling reefs, I rnay 
be permitted to state that my own observations have impressed a 
conviction of the correctness of the theory of Mr. Darwin.” 

This gentleman believes, that subsequently to the subsidence by 
which the atolls in the Low Archipelago were produced, the whole 
area has been elevated to the amount of a few feet ; this would indeed 
be a remarkable fact; but as far as I am able to judge, the grounds of 
his conclusion are not sufficiently strong. He states that he found in 
almost every atoll which he visited, the shores of the lagoon raised 
from eighteen to thirty inches above the sea-level, and containing 
imbedded Tridacnae and corals standing as they grew; some of the 
corals were' dead in their upper parts, but below a certain line they 
continued to flourish. In the lagoons, also, he frequently met with 
clusters of Madrepore, with their extremities standing from one inch to 
a foot above the surface of the water. Now, these appearances are 
exactly whatl should have expected, without any subsequent elevation 
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Turning now to tbe red colour; as on our map, the areas 
which have sunk slowly downwards to great depths are 
many and large, we might naturally have been led to con- 
jecture, that with such great changes of level in progress, the 
coasts which have been fringed probably forages (for we have 
no reason to believe that coral-reefs are of short duration), 

having taken place ; and I think Mr. Couthouy has not home in mind 
the indisputable fact, that corals, when constantly bathed by the surf, 
can exist at a higher level than in quite tranquil water, as in a lagoon. 
As long, therefore, as the waves continued at low water to break 
entirely over parts of the annularTeef of an atoll, submerged to a small 
depth, the corals and shells attached on these parts might continue 
living at a level above the smooth surface of the lagoon, into which the 
waves rolled ; but as soon as the outer edge of the reef grew up to its 
utmost possible height, or if the reef were very broad nearly to that 
he%ht, the force of the breakers would be checked, and the corals and 
shells on the inner parts near the lagoon would occasionally be left 
dry, and thus be partially or wholly destroyed. Even in atolls, which 
have not lately subsided, if the outer margin of the reef continued to 
increase in breadth seaward (each fresh zone of corals rising to 
the same vertical height as at Keeling atoll), the line where the 
waves broke most heavily would advance outwards, and therefore 
the corals, which when living near the margin, were washed by 
the breaking waves during the whole of each tide, would cease being 
so, and would therefore be left on the backward part of the reef stand- 
ing exposed and dead. The case of the madrepores in the lagoons 
with the tops of their branches exposed, seems to he an analogous fact, 
to the great fields of dead hut upright corals in the lagoon of Keeling 
atoll ;-— a condition of things which I have endeavoured to show, has 
resulted from the lagoon having become more and more enclosed and 
ckjked up with reefs, so that during high winds, the rising of the tide 
(asofeervedby the inhabitants) is checked, and the corals, which had 
formerly grown to the greatest possible height, are occasionally exposed, 
and thus are killed : and this is a condition of things, towards which 
almost every atoll in the intervals of its subsidence must he tending. 
Or if we look to the state of an atoll directly after a subsidence of some 
fathoms, the waves would roll heavily over the entire circumference of 
the reef, and the surface of the lagoon would, like the ocean, never be 
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would not have remained all this time stationary, but wouM 
frequently have undergone movements of elevation. This 
supposition, we shall immediately see, holds good to a 
remarkable extent; and although a stationary condition 
of the land can hardly ever be open to proof, from the 

quite at rest, and therefore the corals in the lagoon, from being con- 
stantly laved by the rippling water, might extend their branches to 
a little greater height than they could, when the lagoon became endued 
and protected. Christmas atoll (2® N. lat.), which has a very shallow 
lagoon, and differs in several respects from most atolls, possibly i«*y 
have been elevated recently ; but its highest part appears (Couthauiy, 
p. 46) to be only ten feet above the sea-level. The facts of a second 
class, adduced by Mr. Couthouy, in support of the alleged recent 
elevation of the Low Archipelago, are not all (especially those refer- 
ring to a shelf of rock) quite intelligible to me; he believes that cettalin 
enormous fragments of rock on the reef, must have been moved info 
their present position, when the reef was at a lower level; but here 
again the force of the breakers on any inner point of the reef being 
diminished by its outward growth without any change in its level, hm» 
not, I think, been borne in mind; We should, also, not overlook lli« 
occasional agency of waves caused by earthquakes and hurricane*, hfr. 
Couthouy further argues, that since these great fragments were depoisled 
and fixed on the reef, they have l>een elevated ; he infers this from the 
greatest amount of erosion not being near their Imses, where they are 
unceasingly washed by the reflux of the tides, but at some height on 
their sides, near the line of high-water mark, as shown in an accompany* 
ing diagram. My former remark again applies here, with this toflher 
observation, that as the waves have to roll over a wide space of reef 
before they reach the fragments, their force must be greatly increaitd 
with the increasing depth of water as the tide iis«, and therrfor# 1 
should have expected that the chief line of present erosion would Ititv# 
coincided w'ith the line of high-water mark ; and if the reef had grown 
outwards, that there would have been lines of erosion- at greater 
heights, 'fhe conclusion, to which I am finally led by the interc^lliig 
observations of Mr. Couthouy is, that the atolls in the I^w Arctil|»eli»go 
have, like the Society Islands, remained at a stationary level for a long 
period : and this probably is the ordinary course of events, SMWdeiie# 
supervening after long intervals of r«t 
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evidence being only negative, we are, in some degree, 
enabled to ascertain the correctness of the parts coloured 
red on the map, by the direct testimony of upraised organic 
remains of a modern date. Before going into the details 
on this head (printed in small type), I may mention, that 
when reading a memoir on coral formations by MM. Quoy 
and Gaimard^ I was astonished to find, for I knew that 
they had crossed both the Pacific and Indian Oceans, that 
their descriptions were applicable only to reefs of the fringing 
class; but my astonishment ended satisfactorily, when I 
discovered that, by a strange chance, all the islands which 
these eminent naturalists had visited, though several in 
number, — namely, the Mauritius, Timor, New Guinea, the 
Mariana, and Sandwich Archipelagoes, could be shown by 
their own statements to have been elevated within a recent 
geological era. 

In the eastern half of the Pacific, the Sandwich Islands are 
all fringed, and almost every naturalist who has visited them, 
has remarked on the abundance of elevated corals and shells, 
apparently identical with living species. The Rev. W. Ellis 
informs me, that he has noticed round several parts of Hawaii, 
beds of coral-detritus, about twenty feet above the level of 
the sea, and where the coast is low they extend far inland. 
Upraised coral- rock forms a considerable part of the borders of 
Oahu ; and at Elizabeth Island^ it composes three strata, each 
about ten feet thick. Nihau, which forms the northern, as 
Hawaii does the southern end of the group (350 miles in 
length), likewise seems to consist of coral and volcanic rocks. 
Mr. Couthouy® has lately described with interesting details, 
several upraised beaches, ancient reefs with their surfaces 

^ Annals des Sciences Flat,, tom. vi. p. 279, etc. 

^ Zoology of CapU Beecheys Voyage, p. 176. See also MM. Quoy 
and Gaimard in Anttales des Scien. Nat., tom. vi. 

® Remarks on Coral Fofcmation, p. 52. 
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perfectly preserved, and beds of recent shells and corals, at tlt« 
islands of Maui, Morokai, Oabu, and Tauai (or Kauai) in 
group. Mr. Pierce, an intelligent resident at Oahu, is cOit- 
vinced, from ckanges which have taken place within 
memory, during the last sixteen years, “ that the elevation Is at 
present going forward at a very perceptible rate.’’ The natives 
at Kauai state that the land is there gaining rapidly on the 
and Mr. Couthouy has no doubt, from the nature of the straWf 
that this has been effected by an elevation of the land. 

In the southern part of the Low Archipelago, Elbabatlt 
Island is described by Capt. Beechey,^ as being quite fiat, a«d 
about eighty feet in height ; it is entirely composed of dead 
corals, forming a honeycombed, but compact rocL In case^ 
like this, of an island having exactly the appearance, whichi th# 
elevation of any one of the smaller surrounding atolls witli » 
shallow lagoon would present, one is led to conclude (with little 
better reason, however, than the improbability of such small 
and low fabrics lasting, for an immense period, exposed to the 
many destroying agents of nature), that the elevation has taken 
place at an epoch not geologically remote. When merely the 
surface of an island of ordinary formation, is strewed with mart no 
bodies, and that continuously, or nearly so, from the bcacli 
to a certain height, and not above that height, it is exceed! iig:ly 
improbable that such organic remains, although they may not 
have been specially examined, should belong to any ancient 
period. It is necessary to bear these remarks in mind, in 
considering the evidence of the elevatory movements in tli# 
Pacific and Indian Oceans, as it does not often rest on specific 
determinations, and therefore should be received with cautloit. 
Six of the Cock and Audral Mmds (S.W. of the Society 
group) are fringed ; of these, five were described to me by tli«i 
IRev. J. Williams, as formed of coral-rock, associated with som# 
basalt ^in^ Mangaia), and the sixth as lofty and basalt Ir* 
•Mangaia is nearly three hundred feet high, with a level summit | 
and according to Mr. S. Wilson ^ it is am upraised reef { ati^ 

^ Beechey’s in tki PMiJky p. 46, 410 ed 

® Couthoay^s P* 34* 


COJRAL-REEFS, 


167 


there are in the central hollow, formerly the bed of the lagoon, 
many scattered patches of coral-rock, some of them raised to a 
height of forty feet.” These knolls of coral- rock were evidently 
once separate reefs in the lagoon of an atoll. Mr. Martens, at 
Sydney, informed me that this island is surrounded by a 
terrace-like plain at about the height of a hundred feet, which 
probably marks a pause in its elevation. From these facts we 
may infer, perhaps, that the Cook and Austral Islands have 
been upheaved at a period probably not very remote. 

Savage Island (S.E. of the Friendly group) is about forty 
feet in height Forster^ describes the plants as already 
ing out of the dead, but still upright and spreading trees of 
coral ; and the younger Forster ^ believes that an ancient 
lagoon is now represented by a central plain j here we cannot 
doubt that the elevatory forces have recently acted. The 
same conclusion may be extended, though with somewhat less 
certainty, to the islands of the Friendly Groups which have 
been well described in the second and third voyages of Cook. 
The surface of Tongatahou is low and level, but with some 
parts a hundred feet high ; the whole consists of coral-rock, 
'' which yet shows the cavities and irregularities worn into it 
by the action of the tides.’’ ^ On Eoua the same appearances 
were noticed at an elevation of between 200 and 300 feet. 
Vavao, also, at the opposite or northern end of the group, 
consists, according to the Rev. J. Williams, of coral-rock. 
Tongatahou, with its northern extensive reefs, resembles either 
an upraised atoll with one half originally imperfect, or one 
unequally elevated; and Anamouka, an atoll equally elevated. 
This latter island contains* in its centre a salt-water lake, about 
a mile and a half in diameter, without any communication with 
the sea, and around it the land rises gradually like a bank ; the 
highest part is only between twenty and thirty feet; but on 
this part, as well as on the rest of the land (which, as Cook 

^ Observations made during Voyage round the World, p. 147. 

® Voyage, vol. ii. p. 163. 

® Cook’s Third Voyage (410 e dition), vol. L p. 314. 

* Ihid,^ vol, i. p, 235. 
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observes, rises above the height of true !agoc.iH-islaiiifs)| ciiral* 

rock, like that on the beach, was found. In the 
Archipelago, Mr. Couthouy ^ found on Manua xaimy and % cty 
large fragments of coral at the height of eighty feet, **«*;»!* 
steep hill-side, rising half a mile inland from a low sandy 
abounding in marine remains.*’ The fragments were €’»* 
bedded in a mixture of decomposed lava and sand. It 
stated whether they were accompanied by shells, or wlic-tli*’?' 
the corals resembled recent species ; as these remaliw 
embedded they possibly may belong to a remote epoch ; ^ 

presume this was not the opinion of Mr, Couthouy. Eatth- 
quakes are very frequent in this archipelago# 

Still proceeding westward we come to the Nem IliMdes/ wt 
these islands, Mr. G. Bennett (author of PVtmder/Bgs /# 

South Wales) informs me he found much coral at a gr«at 
altitude, which he considered of recent origin. Respect iftf 
Santa Cruz and the Salomon Archipelago, I have no inifot* 
mation ; but at New Ireland, which forms the northern poiml ©f 
the latter chain, both Labillardidre and Lesson have described 
large beds of an apparently very modern madreporitk rONci, 
with the form of the corals little altered. The latter 
states that this formation composes a newer line of 
modelled round an ancient one. There only remains W h9 
described in the Pacific, that curved line of fringed islan il#* 
of which the Marianas form the main part. Of these 
Rota, Tiniam, Saypan, and some islets farther north, mm 
described by Quoy and Gaimard,® and Chamisso,* as clil«!#iy 
composed of madreporitic limestone, which attains a conskf^r* 
able elevation, and is in several cases worn into successivrif 
rising cliffs : the two former naturalists seem to have compile it 
the corals and shells with the existing ones, and state that tlic^y 
arc'of recent species. Fals, which lies In the prolonged Lrtt 

^ Remarks on Coral’ Formaiiom, p. 50. 

* Voyage de la Coquille, Part. 

® Freycinefs Voyage autour du Momle* S« also the Myimgr^pk^^ 

Memir, p. 215. 

^ Eoteebue^ F^st Voye^e* 
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of the Marianas, is the only island in this part of the sea which 
is fringed; it is ninety feet high, and consists entirely of 
madreporitic rock. ^ 

In the Eas^ Indian Archipelago, many authors have recorded 
proofs of recent elevation. M. Lesson^ states, that near Port 
Dory, on the north coast of New Guinea, the shores are flanked, 
to the height of 150 feet, by madreporitic strata of modern date. 
He mentions similar formations at Waigiou, Amboina, Bourou, 
Ceram, Sonda, and Timor : at this latter place, MM. Quoy and 
Gaimard^ have likewise described the primitive rocks, as coated 
to a considerable height with coral. Some small islets east- 
ward of Timor are said in KolfPs Voyage^ to resemble small 
coral islets upraised some feet above the sea. Dr. Malcolmson 
informs me that Dr. Hardie found in Jaua an extensive for- 
mation, containing an abundance of shells, of which the greater 
part appear to be of existing species. Dr. Jack® has described 
some upraised shells and corals, apparently recent, on Pulo 
Nias off Suinatraj and Maraden relates in his history of this 
great island, that the names of many promontories show that 
they were originally islands. On part of the west coast of 
Borneo and at the Sooloo Islands^ the form of the land, the nature 
of the soil, and the water-washed rocks, present appearances® 

^ Lutkd’s Voyage, yol, ii. p. 304. 

^ Partie Zoolog. , Voyage de la Coquille, 

® Ann, des Scien. Nai,, totu. vi. p, 281. 

^ Translated by Windsor Earl, chaps, vi., vii. 

® Geolog, Transact,, 2nd series, vol. i. p. 403. On the Peninsula of 
Malacca, in front of Pinang, 5® 30' N., Dr. Ward collected some shells, 
which Dr. Malcolmson informs me, although not compared with 
existing species, had a recent appearance. Dr. Ward describes in this 
neighbourhood (Trans, Asiat. .SV^r., vol. xviii., part ii., p. 166) a single 
water- worn rock, with a conglomerate of sea-shells at its base, situated 
six miles inland, which, according to the traditions of the natives, was 
once surrounded by the sea. Capt. Low has also described (ibid,, part 
i., p. 131) mounds of shells lying two miles inland on this line of coast. 

^ Notices of the East TrAian Arch., Singapore, 1828, p. 6, and 
Append., p. 43. 
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(although it is doubtful whether mch vague evideiirc 114 wiiftlif 
of mention) of having recrnlly Imm liy flic sra; anil 

the inhabitants o! the Sooloo fliui ihii 

been the case. IVIr. Cuming, who 

so much success, the natiit‘»tl history rtf ilie /Vb ->//♦/#<* i, louiid 
near Cabagan, In Luzon, about fifty ftti.iibuve the n( lint 
R. Cagayan, and seventy miles froiti iis a large iMti of 

fossil shells: these, he inforiiii me, lire of the %ame sfierki %vilii 
those now existing on ilie ihorei of tlie neighbouring 
From the accounts given us by Ca|>i. Ilaii! Hall ami Capt 
Beecbey* of the lines of inland tmt% anil walls ©f coiabrocle 
worn into caves, above the preieni reach of the waves, at ib® 
Loo Choo Islands, there can be little doubt iliai they have been 
upraised at no very remote period. 

Dr. Davey® describes the norihera province of Ci^km m 
being very low, and constitiog of a liiiicMooe witli •litlli md 
corals of very recent origin ; lie iiddii ihai il tioes nol admit ©f 
a doubt that th© wm has retired fpni iliiji di.iiricl evtn wltliin 
the memory of mam There if also some rraion fur telittiaf 
that the weitern shorcf of India, north ©f Ceylcrn, Itivt betii ' 
upraised within the recent perii^,* Mmitiims has csrlainlf 


tioned by M. Cordkr in hit report to the liiflllil# {May lib, iSjf), ©« 
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chapter on fringing-reefs. The northern extremity of Mada- 
gascar described by Capt. Owen^ as formed of madreporitic 
rock, as likewise are the shores and outlying islands along an 
immense space of Eastern Africa^ from a little north of the 
equator for 900 miles southward. Nothing can be more vague 
than the expression “madreporitic rock”; but at the same time 
it is, I think, scarcely possible to look at the chart of the linear 
islets, which rise to a greater height than can be accounted for 
by the growth of coral, in front of the coast, from the equator 
to 2* S., without feeling convinced that a line of fringing-reefs 
has been elevated at a period so recent, that no great changes 
have since taken place on the surface of this part of the globe. 
Some, also, of the higher islands of madreporitic rock on this 
coast, for instance Pemba, have very singular forms, which 
seem to show the combined effect of the growth of coral round 
submerged banks, and their subsequent upheaval. Dr. Allaii 
informs me that he never observed any elevated organic remains 
on the Seychelles^ which come under our fringed class. 

The nature of the formations round the shores of the Red 
Sea^ as described by several authors, shows that the whole of 
this large area has been elevated within a very recent tertiary 
epoch, A part of this space in the appended map is coloured 
blue, indicating the presence of barrier-reefs : on which circum- 
stance I shall presently make some remarks. RiippelP states 
that the tertiary formation, of which he has examined the organic 
remains, forms a fringe along the shores with a uniform height 
of from 30 and 40 feet from the mouth of the Gulf of Suez to 
about Lat. 26** ; but that south of 26*, the beds attain only the 
height of from 12 to 15 feet This, however, can hardly be quite 
accurate; although possibly there may be a decrease in the 
elevation of the shores in the middle parts of the Red Sea, for 

1 Owfols Africa^ vol. ii. p. 37, for Madagascar; and for S. Africa, 
voL i. pp- 412 and 426. Lieutenant Boteler’s narrative contains fuller 
particulars regarding the coral-rock, voL i. p. 174, and vol. ii. pp. 41 
and 54. See also Ruschenberger’s Voyage round the Worlds vol. L 
p, 60, 

^ Rtppell, Rdse in Ahyssinien^ Band, L s. 141. 
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Dr. Malcolmson (as he informs me) collected from the cliffs of 
Camaran Island (Lat is** 30^ S.) shells and corals, apfiarcftlly 
recent, at a height between 30 and 40 feet ; and Mr. Hall 
{Travels in Abyssinia) describes a similar formation a little 
southward on the opposite shore at Amphiht Moreover, iitaf 
the mouth of the Gulf of Suez, although on the coast 
to that on which Dr. Ruppell says that the modern bedii iittaiii 
a height of only 30 to 40 feet, Mr. Burton^ found a depoMl 
replete with existing species of shells, at the height of 2» fech 
In an admirable series of drawings by Capt More&by, 1 coiil4 
see how continuously the cliff-bounded low plains of thh forma* 
tion extended with a nearly equable height, both on the easierii 
and western shores. The southern coast of Arabia seems lo 
have been subjected to the same elevatory movcmeiil, for Dr# 
Malcolmson found at Sabar low cliffs containing shells and 
cbrals, apparently of recent species. 

The Persian Gulf abounds with coral-reefs | but at it it 
difficult to distinguish* them from sand-banks in this shallow 
sea, I have coloured only some near the mouth ; towards lift 
head of the gulf Mr. Ainsworth® says that the land is worn iaio 
terraces, and that the beds contain organic remains of aciiling 
forms. The West Indian ArcMfslago of * fringed^ Islandiii 
alone remains to be mentioned ; evidence of an ekvati« wlllilfl 
a late tertiary epoch of nearly the whole of this great area, may 
be found in the works of almost all the naturallils who hat # 
visited it. I will give some of the principal references in e 
note. 


^ Lyelfs Principles of Geology^ 5th edition, voL If. p. 3 $# 

^ Ainsworth’s Assyria and Babykm^ p. 217. 

® On Florida and the north shores of the Gulf of Mexico, 

Peport to Brit, Assoc,^ foL hi. p# 14.-- On the Aores of Meiko, lltiin* 
boldt, Polit. Essay on Mow Sptdnp voL i p. (I have also »»« 
corroborative kets with r^pect to the Amm of Mexico#)— 'Ifowlttfti 
smd the Antilles, LyeU’s Principles f 5th ed., voL If# p# 22#— Siala Cii» 
and Barbadoes, Prof. Hof^, Silliman*s Jbmm,, voL xun, p# 74,— Si# 
■Domingo, CourrojoUes, fmr^ de Pkys*f tom# Ev# p. ic^.— Bthiiwii, 
Gfdted' Serttice fmmai, Ha bcxl* pp mB :ftni 124# Jamftiei, Df to 
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It is very remarkable on reviewing these details, to 
observe in how many instances fringing-reefs round the 
shores, have coincided with the existence on the land of 
upraised organic remains, which seem, from evidence more 
or less satisfactory, to belong to a late tertiary period. It 
may, however, be objected, that similar proofs of elevation, 
perhaps, occur on the coasts coloured blue in our map: 
but this certainly is not the case with the few following and 
doubtful exceptions. 

The entire area of the Red Sea appears to have been 
upraised within a modern period ; nevertheless I have been 
compelled (though on unsatisfactory evidence, as given in 
the Appendix) to class the reefs in the middle part, as 
barrier-reefs; should, however, the statements prove accu- 
rate of the less height of the tertiary bed in this middle 
part, compared with the northern and southern districts, we 
might well suspect that it had subsided subsequently to the 
general elevation by which the whole area has been upraised. 
Several authors^ have stated that they have observed shells 

Beche, Geol. Man., p. 142. — Cuba, Taylor, in Lond. and Edin. Ma^,, 
vol. xi. p. 17. Dr. Daubeny also, at a meeting of the Geolog. Soc., 
orally described some very modern beds lying on the N. W. parts of 
Cuba. I might have added many other less important references. 

^ Ellis, in his Polynesian Researches^ was the first to call attention to 
these remains (vol. i. p. 38), and the tradition of the natives concern- 
ing them. See also Williams, Ear. of Miss. Enterprise^ p. 21 ; also 
Tyerman and G. Bennett, of Voyage^ vol. i. p. 213; also Mr, 

Coxk^Qxvfz Remarks^ p. 51; but this principal fact, namely, that there 
is a mass of upraised coral on the narrow peninsula of Tiarubu, is from 
hearsay evidence; also Mr. Stutchbury, West of England Journ,^ No. i, 
p, 54. There is a passage in Von Zach, Co^res. Astronom., vol. x. 
p. 266, inferring an uprising at Tahiti, from a footpath now used, 
which was formerly impassable ; but I particularly inquired from 
several native chiefs, whether they knew of any change of this kind, 
and they were unanimous in giving me an answer in the negative. 
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and corals high tip on the mountains of the Society 
— a group encircled by barrier- reefs, and, llierefore, 
posed to have 'subsided : at Tahiti Mr. Sliiichbiiry foiifwl 
on the apex of one of the highest mountains, lii'tivcrii 
and 7,000 feet above the level of the sea, di^‘ 4 iiif.:t ami 
regular stratum of semi-fossil coral/’' At Tahiti, liowctcr, 
other naturalists, as well as myself, have searrhed in vain at 
a low level near the coast, for upraised shells or masses of 
coral-reef, where if present they could hardly have 
overlooked. From this fact, I concluded that probably the 
organic remains strewed high up on the surface of tlie landi 
had originally been embedded in the volcanic strata, ind 
had subsequently been washed out by the rain* I bare 
since heard from the Rev. W. Ellis, that the remains wtiich- 
he met with, were (as he believes) interstratified with 
argillaceous tuff ; this likewise was the case witli llic sticlli 
observed by the Rev. I). Tycrman at Hiiahcine. Tliesii 
remains have not been specifically examined ; they ifiayi ^ 
therefore, and especially the stratum observed liy Mr* 
Stutebbury at an immense height, be contemporancoins wIlli 
the first formation of the Society Islands, and be of any 
degree of antiquity ; or they may have l>een deposited il 
some subsequent, but probably not very recent, periml of 
elevation ; for if the period had been recent, tlic cniire pir* 
face of the coast land of these islands, where the tmh tre 
.so extensive, would have been coated with upraised coral, 
which certainly is not the case. TwO' of the IlarvcT, 
Cook Islands, namely, Aitutabi and Manouai, are eticirclcd 
by reefs, which extend so far from the land, that I ltif« 
coloured them blue, altliough with much hesitation, at lit# 
space within the reef is shallow, and the outline of the Isticl 
is not abrupt These two islands consist of ccira! mck ; but 
1 have no evidence of their recent elcmtion, bcfide^ iht 
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improbability of Mangaia, a fringed island in the same 
group (but distant 170 miles), having retained its nearly 
perfect atoll-like structure, during any immense lapse of 
time after its upheaval. The Red Sea, therefore, is the 
only area in which we have clear proofs of the recent 
elevation of a district, which, by our theory (although the 
barrier-reefs are there not well characterised), has lately 
subsided. But we have no reason to be surprised at 
oscillation, of level of this kind having occasionally taken 
place. There can be scarcely any doubt that Savage, 
Aurora,^ and Mangaia Islands, and several of the islands in 
the Friendly group, existed originally as atolls, and these 
have undoubtedly since been upraised to some height 
above the level of the sea ; so that by our theory, there has 
here, also, been an oscillation of level, — elevation having 
succeeded subsidence, instead of, as in the middle part of 
the Red Sea and at the Harvey Islands, subsidence having 
probably succeeded recent elevation. 

It is an interesting fact, that Fais, which, from its com- 
position, form, height, and situation at the western end 
of the Caroline Archipelago, one is strongly induced to 
believe existed before its upheaval as an atoll, lies exactly 
in the prolongation of the curved line of the Mariana group, 

* Auroia Island is described by Mr. Couthouy {Remarks, p. 58) ; it 
lies 120 miles N.E. of Tahiti ; it is not coloured in the appended map, 
because it does not appear to be fringed by living reefs. Mr. Couthouy 
describes its summit as presenting a broad table-land which declines 
a few feet towards the centre, where we may suppose the lagoon to 
have been placed.’^ It is about 200 feet in height, and consists of reef- 
rock and conglomerate, with existing species of coral embedded in it. 
The bland has been elevated at two successive periods; the cliffs 
being marked half-way up with a horizontal water-worn line of deep 
excavations, Aurora Island seems closely to resemble in structure 
Eliiateth Island, at the southern end of the 1 .^ 5 w Archipelago. 


J*j6 


CORAL-MEEFS. 


which we know to be a line of recent 1 

may add, that Elizabeth Island, in the soEtliern pari 
of the Low Archipelago, which seems to have had the 
same kind of origin as the Fais, lies near Pilcairii 
Island, the only one in this part of tlic ocean whicli 
is high, and at the same time not siirroiindeci by an 
encircling barrier-reef. 

On the absence of active volcanoes in the areas of suhiimi^^ 
and on their frequent presence in the areas of 
Before making some concluding remarks on the relations ©f 
the spaces coloured blue and red, it will be convenient to 
consider the position on our map of the volcanoes lifstori* 
cally known to have been in action. It is Imfiofisibk not 
to be struck, first with the alBcnce of volcanoes in the 
great areas of subsidence tinted pale and dark hliie,-~ 
namely, in the central parts of the Indian Oceant in lli€ 
China Sea, in the sea between the barriers of Aiiilralla and 
New Caledonia, in the Caroline, Marshall, Gilberti and 
Low Archipelagoes ; and, secondly, with the coincidence ctf 
the principal volcanic chains with the parts rolotirecl 
which indicates the presence of fringing-rcefs ; and, li we 
have just seen, the presence in most eases of upraised 
organic remains of a modern date. I may here remark lliat 
the reefs were all coloured before the volcanoes were aclil^d 
to the map, or indeed before I knew of the ciislciice cif 
several of them* 

The volaino in Torres Strait, at the norllierii psdnt 
Australia, is that which lies nearest to a large 
area, although situated 125 miles within the outer inargift ctf 
the actual barrier-reef. The Great Ckiinnrci Islaiicl, wiiicli 
probably contains a vol<mno, Is only twenty rnlkf ciiilafsl 
from the barrier-reef of Mahik| Ambil volcano, ia tite 
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from the atoll-formcd Appoo reef: and there are two other 
volcanoes in the map within ninety miles of circles coloured 
blue. 1 hese few cases, which thus offer partial exceptions 
to the rule, of volcanoes being placed remote from the 
areas of subsidence, lie either near single and isolated atolls, 
or near small groups of encircled islands ; and these by our 
theory can have, in few instances, subsided to the same 
amount in depth or area, as groups of atolls. There is not 
one active volcano within several hundred miles of an 
archipelago, or even a small group of atolls. It is, there- 
fore, a striking fact that in the Friendly Archipelago, which 
owes its origin to the elevation of a group of atolls, two 
volcanoes, and, perhaps, others, are known to be in 
action : on the other hand, on several of the encircled 
islands in the Pacific, supposed by our theory to have 
subsided, there are old craters and streams of lava, which 
show the effects of past and ancient eruptions. In these 
cases, it would appear as if the volcanoes had come 
into action, and had become extinguished on the same 
spots, according as the elevating or subsiding movements 
prevailed. 

There are some other coasts on the map, where volcanoes 
in a state of action concur with proofs of recent elevation, 
besides those coloured red from being fringed by coral- 
reefs. Thus I hope to show in a future volume, that nearly 
the whole line of the west coast of South America, which 
forms the greatest volcanic chain in the world, from near 
the equator for a space of between 2,000 and 3,000 miles 
southward, has undergone an upward movement during a 
late geological period. The islands on the north-western 
shores of the Pacific, which form the second greatest 
volcanic chain, are very imperfectly known ; but Luzon, in 
the Philippines, and the Loo Choo Islands, have been 
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recently elevated; and at Kamtsch.itka^ ihiTe are exleiiiite 
tertiary beds of modern date. Evidence of ilie same iialiirei 
but not very satinfactory, may be cletecleci in Noiile.i'it Mew 
Zealand where there are two volcanoes. The ro4*xi4i!iirf 
in other parts of the world of active vokanca-s, wiiii ii|ifaki*cl 
beds of a modern tertiary origin, will occur to every 
geologist.^ Nevertheless, until it could be shown itial 
volcanoes w^re inactive, or did not exist in siibsidiii:^ areai, 
the conclusion that their distribution depemlecl tin tlii3 
nature of the subterranean movements in progrei% would 
have been hazardous. But now, viewing the appeniltd 
map, it may, I tliink, be considered as almost csta’biiihedi 
that volcanoes are often (not necessarily filways) prc«itl In 
those areas where the subterranean motive power has laiely 
forced, or is now forcing outwards the crust of the earlh, 
but that they are invariably absent in those, where the 
surface has lately sulisided or is still subsiding.^ 

On the relations of the arms of Suirndeme and Eiftmtim. 
— The immense surfaces on the map, which, both by oiir 
theory and by the plain evidence of upraised itiaritiii 
remains, have undergone a change of level either down* 
wards or upwards during a late period, is a most reinarlcalile 
fact The existence of continents shows that the un^m 

^ At Sedanka, in Lat. 58® N. (Vm DfSiri/, dm Mm 

Canaries f p. 455). In a forthcoming part, I &hall give tfiff evlsltfiti 
referred to with respect to the elevation of New ZealaiifL 

^ During the suUerranean dliturlmnces which took placi? in Cbilt, 
in 1S35, I have shown (Geahg* 2ncl Her,, vol. v. Ck^| llifti 

at the same moment that a large district was uiirai^cd, volcanic maiir# 
burst forth at widely separated points, throogli biah new ami olil tctil^ 

^ We may infer from this rule, that in any old depemit, wtilrli ci«* 
tains interstratified beds of erupted mtlter, there was tt llic pcfiftil, aii4 
In the area of its formation, a tmdemy to an apward iiiovetn«il In iht 
,-mrth’s mirface, and certainly no movemtst of inWcleact* 
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have been immense which at some period have been 
upraised : in South America we may feel sure, and on tlic 
north-western shores of the Indian Ocean we may siispert, 
that this rising is cither now actually in progress, or has 
taken place quite recently. By our theory, we may con- 
clude that the areas are likewise immense which have lately 
subsided, or, judging from the earthquakes occasionally felt 
and from other appearances, are now subsiding. The 
smallness of the scale of our map should not he over- 
looked : each of the squares on it contains (not allowing 
for the curvature of the earth) 810,000 square miles. I.OQk 
at the space of ocean from near the southern end of the 
Low Archipelago to the northern end of the Marshall 
Archipelago, — a length of 4,500 miles, in which, as far as is 
known, every island, except Aurora, which lies just witluait 
the Low Archipelago, is atoll-formed. The eastern and 
western boundaries of our map are continents, and tliey arc 
rising areas: the central spaces of the great Indian and 
Pacific Oceans, are mostly subsiding ; between them, north 
of Australia, lies the most broken land on the glolie, and 
there the rising parts are surrounded and penetrated tiy 
areas of subsidence,^ so that the prevailing movertieiils now 
in progress, seem to accord with the actual states of siirfice 
of the great divisions of the world. 

The blue spaces on the map are nearly all elongated ; but 
it does not necessarily follow from this (a caution, for which 
I am indebted to Mr. Lyell), that the areas of subsidciicc 
were likewise elongated; for the subsidence of a long, 
narrow space of the bed of the ocean, including iit it a 

^ I suspect that the Arru and Timor-laut Islands present »fi indtstleti 
small area of subsidence, like that of the China Sm ; liul I Imm ii«l 
ventured to colour them from my imperfect informatiott, gi¥€it In tli#i 
Appendix. 
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transverse chain of mountains, tsy atfi!!:s wiiltl 

only be mark^^d on the map by a trairwrraL hlmi liaiwl 
Hut where a chain of atolls and bariier rrc-fa lit;-; in an 
elongated area, between spaces c::«?lciiire«! red, whi«‘ls tlieie- 
fore have remained stationary or have hvun iiprai.tCfl, lliri 
must have resulted either from the area of siil^iilefice 
having originally been elongated (owing to smm tcmkricy 
in the earth’s crust thus to sitl)sicle), or from the aiilndiliiig 
area having originally been of an irn^gulir figiirc> or as 
broad as long, and having since been narrowed by Ibt 
elevation of neighbouring districts. Thus the areas* wliicli 
subsided during the formation of the great north and soull' 
lines of atolls in the Indian Ocean, — of the ca^^l and weit 
line of the Caroline atolls,— and of the norili-wesi and 
south-east line of the barrier-reefs of New Calcdoiiia 
Loiiisiade, must have originally been eloiigalec], or if not 
so, they must have since been made elongaled liy ele¥iitioft% 
wdu'ch we know to belong to a recent period 

I infer from Mr. Hopkins’ researclies,^ that firr the forma- 
tion of a long chain of mountains, with few lateral spiir% . 
an area elongated in the same direction with the cliaif% 
must have been subjected to an elevah^ry mmemmt 
Mountain-chains, however, when already formed, alllioiigl 
running in very different directioiw, ft seems® may 

^ “Researches in Physical Geology,*’ Imami* i*M* 

voh vi, part i. 

^ For instance hr S. America from lal. 3T, for nmoy nmtlh* 

ward there are upraised Imis containing frcriil f4 tw 

both the Atlantic and Pacific side of the mniiiirwl, sifid it^m lift 
gradual ascerit of the land, although with very rttt 

both sides towards the Cordillerit, I lliirik if can liiifdly finny 
that the entire width has Iwen upralicd in willtiii flit 
period. In this case the two W.M.W. a«d K.STl 
namely the Sierra Ventana and the S. Tipalgiiefii mi thr fftil 
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raised together by a widely-acting force : . so, perhaps, 
mountain-chains may subside together. Hence, we cannot 
tell, whether the Caroline and Marshall Archipelagoes, two 
groups of atolls running in different directions and meeting 
each other, have been formed by the subsidence of two 
areas, or of one large area, including two distinct lines of 
mountains. We have, however, in the southern prolonga- 
tion of the Mariana Islands, probable evidence of a line of 
recent elevation having intersected one of recent subsi- 
dence. A view of the map will show that, generally, there is 
a tendency to alternation in the paralleh areas undergoing 
opposite kinds of movement ; as if the sinking of one area 
balanced the rising of another. 

The existence in many parts of the world of high table- 
land, proves that large surfaces have been upraised in mass 
to considerable heights above the level of the ocean ; 
although the highest points in almost every country con- 
sist of upturned strata, or erupted matter: and from the 
immense spaces scattered with atolls, which indicate that 
land originally existed there, although not one pinnacle 
now remains above the level of the sea, we may conclude 
that wide areas have subsided to an amount, sufficient to 
bury not only any formerly existing table-land, but even the 
heights formed by fractured strata, and erupted matter. 
The effects produced on the land by the later elevatory 
movements, namely, successively rising cliffs, lines of 
erosion, and beds of littoral shells and pebbles, all requiring 
time for their production, prove that these movements have 
been very slow; we can, however, infer this with safety, 

and south line of the Corclillera haVe been together raised. In the 
West Indies the N. and S. line of the Eastern Antilles, and the E. 
and W, line of Jamaica, appear both to have been upraised within the 
latest geological period. 
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only with respect to tlic few last himclred feet of rise. Hat 
with reference to the whole vast ainoiint of Kiilisicleticei 
necessary to have produced the many atoll i wiiiidy sollercci 
over immense spaces, it has already been sliowii (and it 1 % 
perhaps, the most interesting conclusion in this volume)* 
that the movements must either have f>ecn iiniforin and 
exceedingly slow, or have been effected by sinall stepi, 
separated from each other ijy long intervals fif tiiiie, tliiriiig 
which the recf-constructing polypifcrs were a!)le to bring 
up their solid frameworks to the surface. We have little 
means of judging whether many considerable oscillations of 
level have generally occurred dunhig the elevation of largt 
tracts; but we know, from clear geological evidence, tbit 
this has frequently taken place ; and we liavc seen on our 
map, that some of the same islantls have both subsided and 
been upraised. I conclude, however, that most of the 
large blue spaces have subsided witliout many and greit 
elevatory oscillations, because only ‘a few upraised alcitif 
have been observed: the supposition that such elevattotis 
have taken place, but that the upraised parti have titen 
worn down by the surf, and thus have csca|«d observation# 
is overruled by the very considerable dcplli of ibe iagoons 
of all the larger atolls ; for this could not have been llie 
case, if they had suffered re|x^ated elevations and sbmiom 
From the comparative observations made in theic latter 
pages, we may finally conclude, that the iiibtefranciti 
changes which have caused some large arcai lo rke, mtl 
others to subside, have acted in a very similar inaiiiiiT. 

RecapUiEafwn.~ln the three first ckif iters, the priiici fiat 
kinds of coral-reefs were described In detail, and tfiey 
were found to differ little, as for -as relates to the acliil 
surface of the reef. An atoll differs from an cntlrcliiig 
barrier-reef only in the absence of land wiililn its ceiittal 
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expanse; and a barrier-reef differs from a fringing-reef, in 
being placed at a much greater distance from the land 
■with reference to the probable inclination of its submarine 
foundation, and in the presence of a deep-water lagoon- 
like space or moat within the reef. In the fourth chapter 
the growing powers of the reef-constructing polypifers were 
discussed; and it was shown, that they cannot flourish 
beneath a very limited depth. In accordance with this 
limit, there is no difficulty respecting the foundations on 
which fringing-reefs are based ; whereas, with barrier- 
reefs and atolls, there is a great apparent difficulty on 
this head; — in barrier-reefs from the improbability of 
the rock of the coast or of banks of sediment extend- 
ing, in every instance, so far seaward within the required 
depth; — and in atolls, from the immensity of the spaces 
over which they are interspersed, and the apparent 
necessity for believing that they are all supported on 
mountain-summits, which, although rising very near to the 
surface-level of the sea, in no one instance emerge above 
it. To escape this latter most improbable admission, which 
implies the existence of submarine chains of mountains 
of almost the same height, extending over areas of many 
thousand square miles, there is but one alternative ; namely, 
the prolonged subsidence of the foundations, on which 
the atolls were primarily based, together with the upward 
growth of the reef-constructing corals. On this view every 
difficulty vanishes: fringing-reefs are thus converted into 
barrier-reefs ; and barrier-reefs, when encircling islands, are 
thus converted into atolls, the instant the last pinnacle of 
land sinks beneath the surface of the ocean. 

Thus the ordinary forms and certain peculiarities in the 
structure of atolls and barrier-reefs can be explained; — 
namely, the wall-like structure on their inner sides, the 
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bason or ring-like shape both of the rnaripnal and mitral 
reefs , in the Maldiva atolls^ — tlie imbn of suiiie atcil!'i at 
if by a ribbon-— the apparent dissever merit of oiIict'I*- and 
the occurrence, in ntolls an well as in barrier rerK «if 
portions of reef, and of the wlic.>!c of some in a cleatl 
and submerged state, but retaining the oiilliiie of living 
reefs. Thus can be explained the existence of braclit?* 
through barrier-reefs in front of valleys, iUoiigh Heparaictl 
from them by a wide space of deep water ; tlitm, also, tlit* 
ordinary outline of groups of atolk and the relative fornii 
of the separate atolls one to another; thus can tic exiikined 
the proximity of the two kinds of reefs formed during 
sulisidcnce, and their separation from the spaces wliere 
fringing-reefs abound. On searching fur other evicleiire 
of the movements supposed liy our theory, we find marks"' 
of change in atolls and in barrier-reefs, and of suliierrancaii 
disturlianccs under them ; but from tlie nature of Ihiiigii 
it is scarcely possible to detect any direct jirooffi of ittl> 
sidence, although some appearanccB are strorigly in favour 
of it. On the fringed coasts, however, the presence cif 
upraised marine bodies of a recent epoch, plainly sliciw, 
that these coasts, instead of having remained staticiiiaiy, 
which is all that can be directly inferred from tmr tlicoff, 
have generally been elevated. 

Finally, when the two great types of structure, iiaitirly 
barrier-reefs and atolls on the one Imnd, and fringiri|*rcrff 
on the other, were laid down in colours tin our map, a 
magnificent and harmonious picture of tlie 
which the crust of the earth has wltliln a hiii? iiiiclcr* 

gone, is presented to us. We there me vaBt aresi riiittgi 
with volcanic matter every now and tlieii burst lug forth 
Ibrough the vents or fissures with wlikti ility srft travciscil 
We see other wide spaces slowly ■ siiiMiig wiltioiil aiif 
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Janie outburst, and we may feel sure, that this sinking 
have been immense in amount as well as in area, 
^ to have buried over the broad face of the ocean every 
of those mountains, above which atolls now stand like 
^Uments, marking the place of their former existence. 
Meeting how powerful an agent with respect to denu- 
on, and consequently to the nature and thickness of 
<ieposits in accumulation, the sea must ever be, when 
for prolonged periods on the land, during either its 
^ ^mergence or subsidence; reflecting, also, on the final 
-ts of these movements in the interchange of land and 
water on the climate of the earth, and on the dis- 
ition of organic beings, I may be permitted to hope, 
the conclusions derived from the study of coral- 
cations, originally attempted merely to explain their 
lliar forms, may be thought worthy of the attention of 
Ogists. 
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CONTAINING A DETAILED DESCRIPTION OK TIIK 
REEFS AND ISLANDS IN PLATE V. 


In the beginning of the last chapter I stated the principles 
on which the map is coloured. There only remains to he 
said, that it is. an exact copy of one by M. C. Gressier, 
published by the Depot gdncfral do la Marine, in 1835. 
The names have been altered into English, and the 
longitude has been reduced to that of Greenwich. The 
colours were first laid down on accurate charts, on a large 
scale. The data, on which the volcanoes historically known 
to have been in action, Jiave been marked with vermilion, 
■were given in a note to the last chapter. I will commence 
my description on the eastern side of the map, and will 
describe each group of islands consecutively, proceeding 
westward across the Pacific and Indian Oceans, but ending 
with the West Indies. 

The Western Shores of America appear to be entirely 
without coral-reefs ; soutii of the equator the survey of the 
JBeagk^ and north of it, the pul^lislicd charts show that this 
is the case. Even in the Bay of Panama, where corals 
flourish, there are no true coral-reefs, as I have been 
informed by Mr. Lloyd, llicre are no coral-reefs in the 
Galapagos Archipelago, as I know from personal inspcc- 
tion; and I !.)clieve there are none on the Cocm, PevMt* 
and other neiglibouring islands. Ciipperim rock, 
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10® N., 109® W., has lately been surveyed by Capt Beldieri 
in' form it is like the crater of a volcano* Fumii a tlniwiiig 
appended to the MS. plan in the Admiralty, it cvicknlly ii 
not an atolL The eastern parts of tlie Facifn! firttsciit an 
enormous area, without any island^ except and 

Sala, and Gomez Islaruk, whicli do not appear to be 
surrounded by reefs. 

The Low AkCinPEi*Ac;a— This group ccmsislii cif al»iil 
eighty atolls : it would be quite superfluous to reler to 
descriptions of each. In D’Urville and Lolliri’s cli*irl| 
one island {IVokhonsky) is wntten willi a capiial leilcr* 
signifying, as explained iia a former clinplcr, that it is a 
high island; but this must be a mi?itake, as llifi original 
chart by Bcllinghausen shows that it a true atolL 
Capt. Beechey says of the 32 groups which lie exaiiiinisd 
(of the greater number of wisich I have ieeri beauliftil 
MS. charts in the Admiralty), that 29 now ccinlain 
lagoons, and he believes the other tlirce originally did* 
Bellinghausen (see an account of his RiB^van voyage, in the 
BibliotK des Voyages^ i^34i P* 443) that llic i| idanclf 
which he discovered resembled each oihtT in ^ilrucltire, 
and he has given -charts on a large scale cif til of iliciii. 
Kotzebue 1 ms given plans of several ; (Jook and Bligli 
mention others ; a few were seen during the voyaifi: of liic 
Beagk; and notices of other atolls are scailered lliroii|li 
several publications. The Aoimom group in thii ardiijictigo 
has lately been discovered {Gmgmpk vol It, p. 

454).; it consists of three small and low LIet% one of wliicli 
has a lagooa Another kgoon-islaiid tia« been 
■ {Naut Mag,^ 1S39, p. 770)^ in 3 a* 4' S., and zu W* 
'Towards the S.E. part of the group, there arc mnm Lliiidi 
■of different formation; MMzahiA Island m by 

Beechey (p. 46,.. 410 ed) m fringed by reefs, at the dkitiice 
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of between two and three hundred yards; coloured red. 
Pitcairn Island, in the immediate neighbourhood, according 
to the same authority, has no reefs of any kind, although 
numerous pieces of coral are thrown up on the beach ; the 
sea close to its shore is very deep (see Zool of Beechefs 
Voyage, p, 164); it is left uncoloured. Gamhicr Islands 
(see Plate IL, Fig. 5) are encircled by a barrier-reef; the 
greatest depth within is 38 fathoms ; coloured pale blue. 
Aurora Island, which lies N.E. of Tahiti close to the large 
space coloured dark blue in the map, has been already 
described in a note (p. 118), on the authority of Mr. 
Couthouy ; it is an upraised atoll, but as it does not 
appear to be fringed by living reefs, it is left uncoloured. 

The Society Arch, is separated by a narrow space from 
the Low Arch.; and in their parallel direction they manifest 
some relation to each other. I have already described tlie 
general character of the reefs of these fine encircled islands. 
In the Atlas of the Coqmlle's Voyage there is a good 
general chart of the group, and separate plans of some of 
the islands. Tahiti, the largest island in the group, is 
almost surrounded, as seen in Cook’s chart, by a reef from 
half a mile to a mile and a half from the shore, with from 
10 to 30 fathoms within it Some considerable submerged 
reefs lying parallel to the shore, with a broad and dee^J 
space within, have lately been discovered {Naut. Mag.^ 
1836, p. 264) on the N.E. coast of the island, where none 
are laid down by Cook. At Eimeo the reef “which like a 
ring surrounds it, is in some places one or two miles distant 
from the shore, in others united to the beach” (Ellis, 
Polynesian Researches, vol. i. p. 18, ramo edit.). Cook 
found deep water (20 fathoms) in some of the harbours 
within the reef. Mr. Couthouy, however, states {Remarks, 
p. 45) that both at Tahiti and Eimeo, the space between 
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the barrier-reef and the <^hori% hari aliivist fiilei 

up,— ‘^a nearly continuous fringing-reef fiiirrotiniliJi)| l!ie 
island, and varying from a few yarrls to railier iiicire 
than a mile in witUh, the hgoom rini‘f*!y fcirniiiig canals 
between this and the sea reef/’ that h llie iKirrier-rceC 
Tapamama is surrounded by a icid' at a ecirrsidcrtWc 
distance from the shore ; from the t'-dami siiialJ, 

it is breached, as I am infornn/tl hy llie Rev« W, 
Ellis, only by a narrow and crooked hoal {:lirtnrit?L lids 11 
the lowest island in the group, k% Inngiit iiroliably not 
exceeding 500 feet. A little way nmth of Hiliili, llie low 
corabislcts of Teiuroa are situated ; frcnii the dcscripliofi of 
them given me by the Rev. J. Williams (ilie auihcir of llii 
Narrative of Missionary Enierprm)^ I slioiild have tliciiigtit 
they had formed a small atoll, and likewi'Se from the 
description given by the Rev, 1 ). Tycrman and Ch lleiinell 
{Journ. of Voy, and Travels^ vol. i. p. iHj), wlici say llial left 
low corabislets “ are comprehended within one general reef, 
and separated from each other by Intcrjacenl Ligiiotii ; btit 
as Mr. Stutchbury ( West of En:^hmd Jimrmti^ voL I p. 54) 
describes it as consisting of a mere narrow ridge, I liavi* left 
it uncoloured. Mai/ea, eastward of the grciiip, k classed if 
Forster as a high encircled island ; liul from the Mtmmt 
given by the Rev. D. Tyerman and Ch llrniieil (vriL i* 1% 
57) it appears to Ite an exceedingly abrupt cone, rising frciia 
the sea without any reef^ I have left It tincoloiiretL fl 
■ would be superfluous to describe the norllicrii khndn in 
this group, as they may be well seen in the chart mmmimnf* 
ing the 4to edition of Cook's Foyagis, and in tin: Aih$ if 
the CoquiiMs Voyage, Mamma is the only fine of lit 
northern island^ in which the water wiihia l!ic reef li 
de^, being only 4^ fathoms ; but the great wklllt of lie 
r^f,; stretching three miles and t half souiliward of the bii 
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(which is represented in the drawing in the atlas of the 
Goquille's voyage as descending abruptly to the water), 
shows, on the principle explained in the beginning of the last 
chapter, that it belongs to the barrier class. I may here 
mention, from information communicated to me by the Rev. 
W. Ellis, that on the N.E. side of Hiiaheine there is a bank 
of sand, about a quarter of a mile wide, extending parallel 
to ' the shore, and separated from it by an extensive and 
deep lagoon : this bank of sand rests on coral-rock, and un- 
doubtedly was originally a living reef. North of Bolabola 
lies the atoll of Touhai (Motou-iti of the Coquille's Atlas\ 
which is coloured dark blue ; the other islands, surrounded 
by barrier-reefs, are pale blue : three of them are representea 
in Figs. I and 4 in Plate II., and Fig. 5 in Plate III. There 
are three low coral-groups lying a little E. of the Society 
Arch., and almost forming part of it, namely, Belltnghausen^ 
which is said by Kotzebue {Second Voyage^ vol. ii. p. 255) 
to be a lagoon island ] Mophea^ which, from Cook’s descrip- 
tion {Second Voyage^ book iii. chap, i.), no doubt is an atoll ; 
£ind the Sciily Islands, which are said by Wallis {Voyage^ 
chap, ix.) to form a group of low islets and shoals, and, 
therefore, probably, they compose an atoll : the two former 
have been coloured blue, but not the latter. 

Mendana or Marquesas Group. — These islands are 
entirely without reefs, as may be seen in Krusenstern’s 
Atlas, making a remarkable contrast with the adjacent group 
of the Society Islands. Mr. F. D. Bennett has given some 
account of this group, in the seventh volume of the Geograph 
^ourn. He informs me that all the islands have the same 
general character, and that the water is very deep close to 
t:heir shores. He visited three of them, namely, Domini- 
Christiana^ and Roapoa; their beaches are strewed with 
iroTinded masses of coral, and although no regular reefs 
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exist, yet the shore is in many places lined by coral-rock, so 
that a boat grounds on this formation. Hence these islands 
ought probably to come within the class of fringed islands 
and be coloured red \ but as I am determined to err on the 
cautious side, I have left them uncoloured 

Cook or Harvey and Austral Isi^ — Palmerston Island 
is minutely described as an atoll by Capt. Cook during his 
voyage in 1774; coloured blue. AitutaM was partially 
surveyed by the Beagle (see map accompanying Voyages oj 
Adventure and Beagle ) ; the land is hilly, sloping gently to 
the beach ; the highest point is 360 feet ; on the southern 
side the reef projects five miles from the land : off tbif 
point the Beagle found no bottom with 270 fathoms: the 
reef is surmounted by many low coral-islets. Although 
within the reef the water is exceedingly shallow, not being 
more than a few feet deep, as I am informed by the Rey. J* 
Williams, nevertheless, from the great extension of this reef 
into a profoundly deep ocean, this island probably belongs 
on the principle lately adverted to, to the barrier class, and 
I have coloured it pale blue ; although with much hesita^ 
tion . — Manouai or Harvey Isld. The highest point is 
about 50 feet : the Rev. J. Williams informs me that the 
reef here, although it lies far from the shore, is less distant 
than at Aitutaki, but the water within the reef is rather 
deeper: I have also coloured this pale blue, with many 
doubts. — Round Miiiaro Isld., as I am informed by Mr, 
Williams, the reef is attached to the shore ; coloured red,*™ 
Mauki or Maouti; the reef round this isld. (under the 
name of Parry Isld., in the Voyage of ILMS, BlonMf p# 
209) \s described as a coral-flat, only 50 yards wide, and 
two feet under water. This statement has been corro* 
borated by Mr. Williams, who calls the reef attached j 
coloured xed.^Aiiu^ or Wateeo ; a moderately elevated^ 
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hilly island, like the others of this group. The reef is 
described in Cook’s Voyage, as attached to the shore, and 
about loo yards wide; coloured red. — Fenoua-iii ; Cook 
describes this isld. as very low, not more than six or 
seven feet high (vol. i., bk. ii. chap, iii., 1777); in the 
chart published in the Coquille^s Ailas^ a reef is engraved 
close to the shore : this isld. is not mentioned in the list 
given by Mr. Williams (p. 16) in the Narrative of Missionary 
Enterprise; nature doubtful. As it is so near Atiu, it has 
been unavoidably coloured red. — Rarotonga; Mr. Williams 
informs me that it is a lofty basaltic isld. with an attached 
reef; coloured red. — ^There are three islands, Rourouti, 
Roxburgh, and Hull, of which I have not been able to 
obtain any account, and have left them uncoloured. Hull 

l sld. , in the French chart, is written with small letters as 
being low. — Mangaia ; height about three hundred feet; 
“the surrounding reef joins the shore” (Williams’s Na?'- 
rative, p. 18); coloured red. — Rimetara ; Mr. Williams 
informs me that the reef is rather close to the shore ; but, 
from information given me by Mr. Ellis, the reef does not 
appear to be quite so closely attached to it as in the 
foregoing cases : the island is about three hundred feet 
high (Naut. Mag., 1839, p. 738); coloured red. — Rurutu; 
Mr. Williams and Mr. Ellis inform me that this island 
has an attached reef; coloured red. It is described by 
Cook under the name of Oheteroa : he says it is not sur- 
rounded, like the neighbouring islds. by a reef; he must 
have meant a distant reef. — Toubouai ; in Cook’s chart 
{2nd Voyage, vol. ii. p. 2) the reef is laid down in part one 

mile, and in part two miles from the shore. Mr. Ellis 
(Folynes. Res., vol. iii. p. 381) says the low land round the 
base of the isld is very extensive; and this gentleman 
informs me that the water within the reef appears deep; 
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coloured blue. — Raivaimi^ or Vivitao; Mr. Williams in- 
forms me that the reef is here distant : Mr. Ellis, however, 
says that this is certainly not the case on one side of the 
isld. * and he believes that the water within the reef is 
not deep; hence I have left it uncoloured. — Lancaster 
Reef, described in Nmit, Ifag., 1833 (p. 693), as an 
extensive crescent-formed coral-reef I have not coloured 
it. — Rapa, or Oparree ; from the accounts given of it by 
Ellis and Vancouver, there does not appear to be any 
reef — /. de Bass is an adjoining isld., of which I cannot 
find any account. — Kemin Isld. ; Krusenstern seems hardly 
to know its position, and gives no further particulars. 


Islands between the Low and Gilbert Archipelagoes, 

Caroline Isld. (lo** S., 150® W.) is described by Mr. F. 
D. Bennett {Geograph. Journ., vol. vii. p. 225) as contain- 
ing a fine lagoon; coloured blue. — Flint Isld. (11° S., 
151° W,); Krusenstern believes that it is the same with 
Peregrine, which is described by Quiros (Burney’s Chron. 
Hist, vol. ii. p. 283) as “a cluster of small islands con- 
nected by a reef, and forming a lagoon in the middle;” 
coloured blue. — Wo stock is an isld. a little more than half 
a mile in diameter, and apparently quite flat and low, and 
was discovered by Bellinghausen ; it is situated a little west 
pf Caroline Isld., but it is not placed on the French cliarts; 
I have not coloured it, although I entertain little doubt 
from the chart of Bellinghausen, that it originally contained 
a small lagoon. — Fenrhyn (p"* S., 158° W.); a plan 

of it in the atlas of the first voyage of Kotzebue, shows 
-that it is an atoll; \Lx}Jt,-—Siarbuck Isld, (5® S., 156° W.) 
is described in Lord Byron’s Voyage in the Blonde {ip. 206) 
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as formed of a flat coral-rock, with no trees ; tlie heiglit not 
girenj not coloured. — Malden Isld. (4^ S., 154*^ W.); in, 
the same voyage (p. 205) this isld. is said to be of coral- 
formation, and no part above 40 feet high; I have not 
ventured to colour it, although, from being of coral- 
formation, it is probably fringed; in which case it should 
be -Jarvis^ or Bunker Isld. (o" 20' S., 160* W.) is 
described by Mr. F. D. Bennett {Geo^apL Journ.^ vol viL 
p. 227) as a narrow, low strip of coral-formation; not 
coloured. — Brook is a small, low isld. between the tiro 
latter ; the position, and perhaps even the existence of it 
is doubtful ; not coloured. — PescadoxmA Humphrey Islands ; 
I can find out nothing about these islands, except that 
the latter appears to be small and low; not coloured. — 
Rearson ^ or Grand Duke Alexander’s (10® S., 161® W.); 
an atoll, of which a plan is given by Bellioghausen ; 
blue. — Souvoroff Islands (13® S., 163® W.); Admiral 
Krusenstern, in the most obliging manner, obtained for 
me an account of these islands from Admiral Lazareff 
wfio discovered them. They consist of five very low 
islands of coral-formation, two of which are connected by a 
reef, with deep water close to it They do not surrouod a 
lagoon, but are so placed that a line drawn througli iheim 
includes an oval space, part of which is shallow; these 
islets, therefore, probably once (as is the case with some of 
the islands in the Caroline Arch.) formed a single atoll ; 
but I have not coloured them. — Danger Isld. (10® S., 166® 
W.) ; described as low by Com. Byron, and more lately 
surveyed by Bellinghausen ; it is a small atoll with three 
islets on it; blue. — Clarence Isld, {9® S., 172® W.); dis- 
covered in the Pandora (G. Hamilton’s Voyage^ p. 75): it 
is said, “ in running along the land, we saw several caucus 
crossing the lagoons; ” as this island is in the close vicinity 
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of other low islands, and as it is said, that the natives make 
reservoirs of water in old cocoa-nut trees (whic:h shows the 
nature of the land), I have no doul)t it is an aloll, and liave 
coloured it blue. York Isid. (8® S., 172"* W.) is described 
by Commodore Byron (chap. x. of his Ff^yai^r} as an aloll ; 
blue . — Sydney Isld. (4** vS., ij2^ W.) is about three miles In 
diameter, witli its interior occupied by a lagoon (Cipt. 
Tromelin, Anna!. 1829, p. 297); blue.— /%avi/x 

Isld. (4** S., 171“ W.) is nearly circular, low, sandy, not 
more than two miles in diameter, and very steep outside 
(Tromelin, ArmaL Marit.^ 1829, p. 297); it may t)C in- 
ferred that this isld. originally contaitied a lagoon, but I 
have not coloured it — New Nantuckei (o® 15' N., 174* W.). 
From the French chart it must be a low isld. ; I can fincl 
nothing more about it or about Mary Isld. \ Imth im* 
coloured. — Gardner Isld. (5® S., 174® W.) from ils position 
is certainly the same as Kemin Isld. described (Krusenstern, 
p. 435, Appen. to Mem., publ 1827) as having a lagoon In 
its centre ; blue. 

Islands south of ike Sandwich Arckifieiap, 

Chrisima^ Isld. (2® N., 157® W.). Captain Cook, in liis 
Third Voyai^e (vol ii. chap, x.), has given a deiailcil 
account of this atoll The breadth of the islets on the reef 
is unusually great, and the sea near it does not cieepcti to 
suddenly as is generally the case. It has more lately lictn 
visited by Mr, F. I). Bennett {Geo,i^rahk Journ,^ veil 
p. 226); and he assures me that It is low and of coral* 
formation: I particularly mention this, because it ii en- 
graved with a capital letter, signifying a high i» 14 , in 
IFUrviile and Ix>ttin"s chart Mr. Coiiihoiiy, also, Imti 
given some account of it {Mepnarh, p. 46) from tie 
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Hawaiian Spectator y he believes it has lately undergone a 
small elevation, but his evidence does not appear to me 
satisfactory ; the deepest part of the lagoon is said to be 
only ten feet ; nevertheless, I have coloured it blue. — 
Fanning Isld. (4*’ N., 158° W.), according to Capt. Tromelin 
(Ann, Maritim,^ 1829, p. 283), is an atoll : his account, 
as observed by Krusenstern, differs from that given in 
Fanning’s Voyage (p. 224), which, however, is far from 
clear; coloured blue.--- Waskington ls\d. (4 N., 159° W.) 
is engraved as a low island in D’Urville’s chart, but is 
described by Fanning (p. 226) as having a much greater 
elevation than Fanning Isld., and hence I presume it is not 
an atoll ; not coloured.— Isld. (6° N., 162® W.) is 
an atoll divided into two parts (Krusenstern’s Mem, SuppL, 
p. 50, also Fanning’s Voyage, p. 233); \AM^,—SmytHs or 
Johnston’s Islds. (if N., 170^ W.). Capt. Smyth, F.N., has 
had the kindness to inform me that they consist of two 
very low, small islands, with a dangerous reef off the east 
end of them. Capt. Smyth does not recollect whether 
these islets, together with the reef, surrounded a lagoon; 
uncoloured. 

Sandwich Arch. — Hawaii; in the chart in Freycinet’s 
Atlas, small portions of the coast are fringed by reefs ; and 
in the accompanying Hydrog, Memoir, reefs are mentioned 
4 n several places, and the coral is said to injure the cables. 
On one side of the islet of Kohaihai there is a bank of 
•sand and coral with five feet water on it, running parallel 
to the shore, and leaving a channel of about fifteen feet 
•deep within. I have coloured this isld. red, but it is very 
much less perfectly fringed than others of the group. — 
Maui; in Freycinet’s chart of the anchorage of Raheina, 
two or three miles of coast are seen to be fringed ; and in 
•the Hydrog, Memoir, banks of coral along shore” are 
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gpoken of. Mr. F. D. Bennett informs me tluit tlie reef% 
on an average, extend about a quarter of a mile from the 
beach; the land is not very steep, and outside the reefs the 
sea does not become deep very suddenly ; coloured red— 
Moro(oi\ I presume, is fringed : Freycinet speaks of the 
breakers extending along the shore at a little distance from 
it. From the chart, I believe it is fringed ; coloured red— 
Oahu; Freycinet, in bis Ilydrog. Memoir., mentions some 
of the reefs. Mr. F. I). Bennett informs me that the shore 
is skirted for forty or fifty miles in length. There is even 
a harbour for ships formed by the reefs, but it is at the 
mouth of a valley; red. — Atooi, in La Peyrouse’s charts, 
is represented as fringed by a reef, in the same manner m 
Oahu and Morotoi ; and this, as I have been informed by 
Mr. Ellis, on part at least of the shore, is of coral-forma- 
tion : the reef does not leave a deep channel within ; red.— 
Omehow; Mr. Ellis believes that this island is also (rmgal 
by a coral-reef : considering its close proximity to the other 
islands, I have ventured to colour it red, I have in vain 
consulted the works of Cook, Vancouver, La Peyroyse, 
and Lisiansky, for any satisfactory account of the small 
islands and reefs, which lie scattered in a N. W. line pro- 
longed from the Sandwich group, and hence have left them 
uncoloured, with one exception; for I am indebted to 
F. D. Bennett for informing me of an atoll-formed reef, in 
kt 28® 22', long. lyS*" 30' W., on which the GMsiams wa» 
wrecked in 1S37. It is apparently of large size, and 
extends in a N.W. and S.E, line: very few islets have been 
formed on it The lagoon seems to be shallow ; at 
the deepest part which was surveyed was only llirc*e 
fathoms. Mr. Couthouy {Remarks^ p. 38) descriljoti tlili 
Md. under the name of Ocean Isld. Considerable doiiliif 
stoaM be entertained regarding the nature of a reef of this 
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kind, with a very shallow lagoon, and standing far from an5r 
other atoll, on account of the possibility of a crater or fiat 
bank of rock lying at the proper depth beneath the surface 
of the water, thus affording a foundation for a ring-formed 
coral-reef. I have, however, thought myself compelled, 
from its large size and symmetrical outline, to colour it. blue. 

Samoa or Navigator Group. — Xotzebue, in his second 
voyage, contrasts the structure of these islands with many 
others in the Pacific, in not being furnished with harbours for 
ships, formed by distant coral-reefs. The Rev. J. Williams, 
however, informs me, that coral-reefs do occur in irregular 
patches on the shores of these islands ; but that they do 
not form a continuous band, as round Mangaia, and other 
such perfect cases of fringed islands. From the charts 
accompanying La Peyrouse's voyage, it appears that the 
north shore of Savaii Maouna^ Orosenga^ and Manua^ 
are fringed by reefs. La Peyrouse, speaking of Maouna 
(p. 126), says that the coral-reef surrounding its shores 
almost touches the beach ; and is breached in front of the 
little coves and streams, forming passages for canoes, and 
probably even for boats. Further on (p. 159), he extends 
the same observation to all the islands which he visited. 
Mr. Williams in his Narrative^ speaks of a reef going round 
a small island attached to Oyolava^ and returning again to 
it: all these islands have been coloured red . — K chart of 
Rose Island, at the extreme west end of the group, is given 
by Freycinet, from which I should have thought that it had 
been an atoll; but according to Mr. Couthouy {Remarks^ 
p. 43), it consists of a reef, only a league in circuit, sur- 
mounted by a very few low islets ; the lagoon is very 
shallow, and is strewed with numerous large boulders of 
volcanic rock. This island, therefore, probably consists 
of a bank of rocki, a few feet submerged, with the , outer 
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margin of its upper surface fringed with reefs; hence it 
cannot be properly classed with atolls, in which the founda- 
tions are always supposed to He at a depth, greater than 
that at which the reef-constructing polypifers can live ; not 
coloured. 

Beveridge Reef, 20® S., 167® W., is described in the 
Naiit Mag, (May 1833, p. 442) as ten miles long in a 
N. and S. line, and eight wide ; “ in the inside of the reef 
there appears deep water;” there is a passage near the 
S.W. corner : this therefore seems to be a submerged atoll, 
and is coloured blue. 

Savage Isld., 19® S., 170® W., has been described by 
Cook and Forster. The younger Forster (vol ii. p. 163) 
says it is about forty feet high : he suspects that it contains 
a low plain, which formerly was the lagoon. The Rev. J. 
Williams informs me that the reef fringing its shores, 
resembles that round Mangaia ; coloured red. 

Friendly Arcil — Pylstaart Isld. : judging from the 
chart in FreycineRs Atlas^ I should have supposed that It 
had been regularly fringed ; but as nothing is said in the 
Ilydrog. Memoir (or in the voyage of Tasman, the dis- 
^ coverer) about coral-reefs, I have left it uncoloured.-~ 
Tongaiabou: In the atlas of the voyage of the Astrolaim^ 
the whole south side of the island is represented as narrowly 
fringed by the same reef which forms an extensive platform 
on the northern side. The origin of this latter reef, which 
might have been mistaken for a barrier-reef, has already been 
attempted to be explained, when giving the proofs of the 
recent elevation of this island.-— In Cook's charts the Htile 
outlying island also of Eoaigee^ is represented as fringed } 
coloured red. — Eoua, 1 cannot make out from Ca.pt 

Cook's charts and descriptions, that this island has any 
red| although the bottom of the neighbouring sea seems 
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;o be corally, and the island itself is formed of coral-rock. 
Forster, however, distinctly {Observations^ p. 14) classes 
it with high islands having reefs, but it certainly is not 
encircled by a barrier-reef; and the younger Forster ( Voyage, 
vol. i. p. 426) says, that ‘‘a bed of coral-rocks surrounded 
the coast towards the landing-place.’^ I have therefore 
classed it with the fringed islands and coloured it red. 
The several islands lying N.W. of Tongatabou, namely, 
Anamouka^ Koman^o^ Kotou^ Lefouga^ Foa^ etc., are seen 
in Capt. Cook’s chart to be fringed by reefs, and several 
of them are connected together. From the various state- 
ments in the first volume of Cook’s third voyage, and 
especially in the fourth and sixth chapters, it appears that 
these reefs are of coral-formation, and certainly do not 
belong to the barrier class; coloured red . — Toufoa and 
Kao^ forming the western part of the group, according to 
Forster have no reefs ; the former is an active volcano. — 
Vavao, There is a chart of this singularly formed island, 
by Espinoza : according to Mr. Williams it consists of 
coral-rock : the Chevalier Dillon informs me that it is not 
fringed; not coloured. Nor are the islands of ZatU and 
Amargura^ for I have not seen plans on a large scale of 
them, and do not know whether they are fringed. 

Niouha^ 16° S., 174® W., or Keppel Island of Wallis, or 
Cocos Isld. From a view and chart of this island given 
in Wallis’s Voyage (410 edit.) it is evidently encircled by a 
reef ; coloured blue : it is however remarkable that Boscawm 
Island, immediately adjoining, has no reef of any kind; 
uncoloured. 

Wallis Island^ 13*" S., 176® W., a chart and view of this 
island in Wallis’s Voyage (4to edit) shows that it is 
encircled. A view of it in the Naul, Mag.^ July 1833, 
p. 376, shows the same fact ; blue. 
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Ailoufaiou, or Horn Island, Onouafu^ or Prohy Island, 
and Iliinier Islands, lie between the Navigator and FidjI 
groups. I can find no distinct accounts of them. 

Fidji or ViTi Group. — The best chart of the numerous 
islands of this group, will be found in the Atlas of tfm 
Astrolabis Voyage. From this, and from the description 
given in the Ilydrog. Ilernoir, accompanying it, it appears 
that many of these islands are bold and mountainous, rising 
to the height of between 3,000 and 4,000 feet Most of the 
islands are surrounded by reefs, lying far from the land, 
and outside of which the ocean appears very deep. The 
Astrolabe sounded with 90 fathoms in several places about 
a mile from the reefs, and found no bottom. Although the 
depth within the reef is not laid down, it is evident from 
several expressions, that Capt. D^Urville believes that ships 
could anchor within, if passages existed through the outer 
barriers. The Chev. Dillon informs me that this is the 
case : hence I have coloured this group blue. In the S.E. 
part lies Bale a, or Turtle Island of Cook {2nd Voyagi^ 
vol. ii. p. 23, and chart; 4to edit), surrounded by a coral 
reef, which in some places extends two miles from the 
shore within the reef the water appears to be deep, and 
outside it is unfathomable; coloured pale blue. At the 
distance of a few miles, Capt. Cook {ibid, p, 24) found a 
circular coral-reef, four or five leagues in circuit, with deep 
water within ; in short, the bank wants only a few little 
islets to make it exactly like one of the half-drowned islet 
so often mentioned,” — namely, atolls. South of Batoa^ lies 
the high island of Ono, which appears in Bellinghausen^ 
atlas to be encircled ; as do some other small islands to the 
south ; coloured pale blue : near Ono, there is an annular 
reef, quite similar to the one Just described in the- words of 
Capt Cook; coloured dark blue. 
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Eofoumah, 13° S., 179° E. — From the chart in Duperrey^s 
atlas, I thought this isl was encircled, and had coloured it 
blue, but the Chev. Dillon assures me that the reef is only 
a shore or fringing one ; red. 

IndeJ?endence Isl., 10° S., 179“ E., is described by Mr. G. 
Bennett {United Service Journ.^ 1331, part ii. p. 197) as a 
low island of coral-formation; it is small, and does not 
appear to contain a lagoon, although an opening through 
the reef is referred to. A lagoon probably once existed, 
and has since been filled up ; left uncoloured. 

Ellice Group. — Oscar^ Feysier^ and Ellice Islds. are 
figured in Anrowsmith’s chart of the Pacific (corrected to 
1832) as atolls, and are said to be very low; blue. — 
Nederlandisch Isld. I am greatly indebted to the kindness 
of Admiral Krusenstern, for sending me the original 
documents concerning this island. From the plans given 
by Capts. Eeg and Khremtshenko, and from the detailed 
account given by the former, it appears that it is a narrow 
coral-island, about two miles long, containing a small 
lagoon. The sea is very deep close to the shore, which is 
fronted by sharp coral-rocks. Capt. Eeg compares the 
lagoon with that of other coral-islands; and he distinctly 
says, the land is “very low.’’ I have therefore coloured 
it blue. Admiral Krusenstern {Memoir on the Fadfic^ 
Append., 1835) states that its shores are 80 feet high; this 
probably arose from the height of the cocoa-nut trees, with 
which it is covered, being mistaken for land . — Gran Cocal 
is said in Krusenstern’s Memoir to be low, and to be 
surrounded by a reef; it is small, and therefore probably 
once contained a lagoon ; uncoloured . — St Augustin. 
From a chart and view of it, given in the Atlas of the 
Coquillds Voyage^ it appears to be a small atoll, with its 
lagoon partly filled up ; coloured blue. 
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Gilbert Group. — The chart of this group, given in the 
A Has of ike CoquilNs Voyage, at once shows that it is 
composed of ten well-characteriscd atolls. In D^Urville 
and Lottin’s chart, Sydatham is written with a capital letter, 
signifying that it is high; but this certainly is not the 
case, for it is a perfectly characterised atoll, and a sketch, 
showing how low it is, is given in the Coguiiiis Aiias* 
Some narrow strip-like reefs project from the southern side 
of Drummond atoll, and render it irregular. The southern 
island of the group is called Chase (in some charts. 
Patches); of this I can find no account, but Mr. F. IX 
Bennett discovered {Geografh. Journ.^ voL vii. p. 229) 
a low extensive island in nearly the same latitude, about 
three degrees westward of the longitude assigned to 
Botches, but very probably it is the same island Mr. 
Bennett informs me that the man at the masthead reported 
an appearance of lagoon-water in the centre ; and, therefore, 
considering its position, I have coloured it blue.— /¥// 
Isld., at the extreme northern point of the group, m left 
uncoloured, as its exact position and nature is not known# 
— Pyron Isld, which lies a little to the eastward, does not 
appear to have been visited since Commodore Byroad 
voyage, and it was then seen only from a distance of iS 
miles ; it is said to be low ; uncoloured. 

Ocean, Pleasant, and Atlantic Iskls. all He considerably 
to the west of the Gilbert group : I have been unable to find 
any distinct account of them. Ocean Island is written with 
small letters in the French chart, but in K.rusenstem% 
Memoir it is said to be high. 

Marshall Group. — We are well acquainted with tlifi 
group from the excellent charts of the separate islands, made 
during the two voyages of Kotzebue ; a reduced one of the 
•whole group may be easily seen in Kruseasterifs dtlm^ tad 


AFPEADIX, 


205 


in Kotzebue’s Second Voyage, The group consists (with the 
exception of two h'ttk islands which probably have had 
their lagoon filled up) of a double row of 23 large and 
well-characterised atolls, from the examination of which 
Chamisso has given us his well-known account of coral- 
formations. I include Gaspar-Fico^ or Cornwallis Isld. in 
this group, which is described by Chamisso (Kotzebue’s 
First Voyage^ vol. iii. p. 179) ‘^as a low sickle-formed group, 
with mould only on the windward side.” Gaspard Island 
is considered by some geographers as a distinct island lying 
N.E. of the group, but it is not entered in the chart by 
Krusenstern; 'left uncoloured. In the S.W. part of this 
group lies Baring Island, of which little is known (see 
Krusenstern’s Appendix, 1835, p. 149). I have left it un- 
coloured; but Boston Isld. I have coloured blue, as it is 
described (pbidi) as consisting of 14 small islands, which, no 
doubt, enclose a lagoon, as repressnted in a chart in the 
Coqutlids Atlas, — Two islands, Aur Kawen and Caspar 
Pico, are written in the French chart with capital letters ; 
but this is an error, for from the account given by Chamisso 
in Kotzebue’s First Voyage, they are certainly low. The 
nature, position, and even existence, of the shoals and small 
islands north of the Marshall group, are doubtful. 

New Hebrides. — Any chart, on even a small scale, of 
these islands, wall show that their shores are almost without 
reefs, presenting a remarkable contrast with those of New 
Caledonia on the one hand, and the Fidji group on the 
other. Nevertheless, I have been assured by Mr. G. 
Bennett, that coral grows vigorously on their shores; as 
indeed, will be further shown in some of the following 
notices. As, therefore, these islands are not encircled, and 
as coral grows vigorously on their shores, we might almost 
conclude, without further evidence, that they were fringed, 
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and hence I have applied the red colour with rather greater 
freedom than in other instances. — MaMeiifs Rock^ an active 
volcano, some way south of the group (of which a plan is 
given in the Atlas of the Astrolabe's Voya^^e)^ does not 
appear to have reefs of any kind about it. — Annaiom^ the 
soiitliernmost of the Hebrides ; from a rough woodcut 
given in the United Se>uice Journal (1831, part ili. p* 
190), accompanying a paper by Mr. Bennett, it appears 
that the shore is fringed; coloured XQ^ 6 ..—Tanna ; Forster, 
in his Observations (p. 22), says Tanna has on its shores 
coral-rock and madrepores; and the younger Forster, 
in his account (voL ii. p. 269) speaking of the harbour 
says, the whole S.E. side consists of coral-reefs, which are 
overflowed at high-water; part of the southern shore in 
Cook’s chart is represented as fringed; coloured red.~ 
Immer is described {Unikd Service Journ., 1831, part ill* 
p. 192) by Mr. Bennett as being of moderate elevation, 
with cliffs appearing like sandstone ; coral grows in patches 
on its shore, but I have not coloured it ; and I mention 
these facts, because Immer might have been thouglit from 
Forster’s classification {Observations^ p. 14), to have lieen 
a low island or even an 2 X(Ri.~Erromango Isld. ; Cook 
{2nd Voyaye, vol ii. p. 45, 4to edit) speaks of rocks every- 
where lining the coast, and the natives offered to haul hfs 
boat over the breakers to the sandy beach : Mr. BennctI, In 
a letter to the editor of the Singafore Chron., alliiden 10 
the reefs on its shores. It may, I think, be safely inferred 
from these passages that the shore is fringed in parts by 
coral-reefs; coloured red . — 'Sandwich Isld., the east 
is said (Cook’s 2nd Voyage^ vol ii. p, 41) to be low, ancl to 
be guarded by a chain of breakers. In the accompatiyiiig 
chart it is seen to be fringed by a reef; coloured reel— ^ 
Mailicoilo; Forster speaks of the reef-bounded shore s th® 
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reef is about thirty yards wide, and so shallow that a boat 
cannot pass over it. Forster also {Obsermt, p. 23) says, 
that the rocks of the sea-shore consist of naadrepore. In 
the plan of Sandwich harbour, the headlands are repre- 
sented as fringed; coloured red. — Aurora and Feniecost 
Islds., according to Bougainville, apparently have no reefs ; 
nor has the large isld. of S. Espiriiu^ nor Bligh Isld. or 
JBank^ Isld., which latter lie to the N.E. of the Hebrides. 
But in none of these cases have I met with any detailed 
account of their shores, or seen plans on a large scale ; and 
it will be evident, that a fringing-reef of only thirty or even 
a few hundred yards in width, is of so little importance to 
navigation, that it will seldom be noticed, excepting by 
chance; and hence I do not doubt that several of these 
islands, now left uncoloured, ought to be red. 

Santa-Cru2 Group. — Vanikoro (Fig. i, PI. I.) offers a 
striking example of a barrier-reef: it was first described 
by the Chevalier Dillon, in his Voyage^ and was surveyed in 
the Astrolabe; coloured pale blue. — Tikopia and Fataka 
islands appear, from the descriptions of Dillon and 
D’Urville, to have no reefs; Anouda is a low, flat isld., 
surrounded by cliffs {Astrolabe Hydrog, and Krusenstern, 
Mem,^ vol. ii. p. 432) ; these are uncoloured. Toupoua 
{ptooboa of Dillon) is stated by Capt. Tromelin {Annales 
Marit,^ 1S29, p. 289) to be almost entirely included in a 
reef, .lying at the distance of two miles from the shore. 
There is a space of three miles without any reef, which, 
although indented with bays, offers no anchorage from the 
extreme depth of the water close to the shore: Capt. 
Dillon also speaks of the reefs fronting this island; 
coloured blue. — Santa- Cruz. I have carefully examined 
the works of Carteret, D’Entrecasteaux, Wilson, and 
Tromelin, and I cannot discover any mention of reefs on 
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its shores; left uncoloured . — Tinakoro is a constantly 
active volcano without reefs . — Mendana Isks (mentioned 
by Dillon under the name of Mammee, etc.) ; said by 
Krusenstern to be low, and intertwined with reefs. I do 
not believe they include a lagoon ; I have left them un- 
coloured. — Duff's Islds. compose a small group directed in 
a N.W. and S.E. band; they are described by Wilson 
(p. 296, Miss. Foy.y 4X0 edit.), as formed by bold-peaked 
land, with the islands surrounded by coral-reefs, extending 
about half a mile from the shore ; at a distance of a mile 
from the reefs he found only seven fathoms. As I have no 
reason for supposing there is deep water within these reefs, 
I have coloured them red. Xennedy Isld., N.E. of DufFs; 
I have been unable to find any account of it. 

New Caledonia. — The great barrier-reefs on the shores 
of this island have already been described (Fig. 3, Plate 
III.). They have been visited by Labillardibre, Cook, and 
the northern point by D'Urville ; this latter part so closely 
resembles an atoll that I have coloured it dark blue. The 
Loyalty group is situated eastward of this island; from 
the chart and description given in the voyage of the 
Astrolabe^ they do not appear to have any reefs; north 
of this group, there are some extensive low reefs (called 
Astrolabe and Beaupl) which do not seem to be atolb 
formed ; these are left uncoloured. 

Australian Barrier-Reef. — ^I'he limits of this great 
reef, which has already been described, have been coloured 
from the charts of Flinders and King. In the northern 
parts, an atoll-formed reef, lying outside the barrier, hat 
been described by Bligh, and is coloured dark blue. In 
the space between Australia and New Caledonia, called 
by Flinders the Corallian Sea, there are numerous reefi. 

' Of these, some are represented in Krusensterrfs itks as 
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having an atoll-like structure; namely, Bampion shoal, 
Frederic^ Vine or Horse-shoe, and Alert reefs ; these have 
been coloured dark blue. 

Louisiade; the dangerous reefs which front and surround 
the western, southern, and northern coasts of this so-called 
peninsula and archipelago, seem evidently to belong to the 
barrier class. The land is lofty, with a low fringe on the 
coast; the reefs are distant, and the sea outside them 
profoundly deep. Nearly all that is known of this group 
is derived from the labours of D’Entrecasteaux and Bou- 
gainville : the latter has represented one continuous reef 
ninety miles long, parallel to the shore, and in places as 
much as ten miles from it; coloured pale blue. A little 
distance northward we have the Laughlan Islds., the reefs 
round which are engraved in the atlas of the voyage of the 
Astrolabe^ in the same manner as in the encircled islands 
of the Caroline Arch., the reef is, in parts, a mile and a 
half from the shore, to which it does not appear to be 
attached ; coloured blue. At some little distance from the 
extremity of the Louisiade lies the Wells reef, described 
in G. Hamilton’s Voyage in JET.M.S. Pandora (p. 100): it 
is said, “ We found we had got embayed in a double reef, 
which will soon be an island.” As this statement is only 
intelligible on the supposition of the reef being crescent or 
horse- shoe formed, like so many other submerged annular 
reefs, I have ventured to colour it blue. 

Salomon Archipelago : the chart in Krusens tern’s 
atlas shows that these islands are not encircled, and as 
coral appears from the works of Surville, Bougainville, and 
Labillardifere, to grow on their shores, this circumstance, 
as in the case of the New Hebrides, is a presumption 
that they are fringed. I cannot find out anything from 
D’Entrecasteaux’s Voyage^ regarding the southern islds. of 
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the group, so have left them iincoloured. — Malay ta Isld. in 
a rough MS, chart in the Admiralty has its northern shore 
fringed.-T- Isld., the N.E. part of this island, in the 
same chart, is also fringed: Mendana, speaking (Burney, 
vol, i. p. 280) of an islet adjoining the northern coast, says 
it is surrounded by reefs; the shores, also, of Port Praslin 
appear regularly fringed . — Choiseul Isld. ; in Bougainville^ 
Chart oj Choiseul Bay^ parts of the shores are fringed by coral- 
reefs . — Bougaitiville Isld ; according to D’Entrecasteaux the 
western shore abounds with coral-reefs, and the smaller 
islands are said to be attached to the larger ones by reefs ; 
all the before-mentioned islands have been coloured red. 
Bouka Islds. ; Capt. Duperrey has kindly informed me in a 
letter that he passed close round the northern side of this 
island (of which a plan is given in his atlas of the CoquUi£s 
voyage), and that it was “ garnie d’une bande de rdcifs k 
fleur d’eau adherentes au rivage;” and he infers, from the 
abundance of coral on the islands north and south of 
Bouka, that the reef probably is of coral ; coloured red. 

Off the north coast of the Salomon Arch, there are 
several small groups which are little known; they appear 
to be low, and of coral-formation; and some of them 
probably have an atoll-like structure ; the Chev. Dillon, 
however, informs me that this is not the case with the B. de 
Candelaria, — Outong Java, according to the Spanish navi- 
gator, Maurelle, is thus characterised ; but this is the only 
one which I have ventured to colour blue. 

New Ireland. — ^The shores of the S, W. point of this 
island and some adjoining islets, are fringed by reefs, as 
may be seen in tlie atlases of the voyages of the CaquUk 
and Astrolabe, M. Lesson observes that the reefs are open 
in front of each streamlet The Duke of YorMs Isld, is 
also fringed; but with regard to the other parts of Mm 
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Ireland^ New Hanover^ and the small islands lying northward, 

I have been unable to obtain any information. I will 
only add that no part of New Ireland appears to be fronted 
by distant reefs. I have coloured red only the above speci- 
fied portions. 

New Britain and the Northern Shore of New 
Guinea. — From the charts in the Voyage of the Astrolabe^ 
and from the Hydrog. Memoir^ it appears that these coasts 
are entirely without reefs, as are the Schouien islands^ lying 
close to the northern shore of New Guinea. The western and 
south-western parts of New Guinea, will be treated of when 
we come to the islands of the East Indian Archipelago. 

* Admiralty Group. — From the accounts by Bougainville, 
Maurelle, D’Entrecasteaux, and the scattered notices col- 
lected by Horsburgb, it appears, that some of the many 
islands composing it are high, with a bold outline ; and k 
others are very low, small and interlaced with reefs. All 
the high islands appear to be fronted by distant reefs rising 
abruptly from the sea, and within some of which there is 
reason to believe that the water is deep. I have therefore 
little doubt they are of the barrier class. — In the southern 
part of the group we have Elizabeth isld.^ which is sur- 
rounded by a reef at the distance of a mile ; and two miles 
eastward of it (Krusenstern, Append.^ i^ 3 Sj P- 42) there is 
a little island containing a lagoon. — Near here, also, lies 
Circular-reef (Horsburgh, Direct^ vol. i. p. 691, 4th edit.), 

‘‘ three or four miles in diameter having deep water inside 
with an opening at the N.N.W. part, and on the outside 
steep too.’^ I have from these data, coloured the group pale 
blue, Sind circular-reef dsirk blue. — The Anackorites, Ecke- 
quier^ and Hermites^ consist of innumerable low islands of 
coral-formation, which probably have atoll-like forms ; but 
not being able to ascertain this, I have not coloured 
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them, nor Durour isld.^ which is described by Carteret 
as low. 

The Caroline Arch, is now well known, chiefly from 
the hydrographical labours of Lutk^ ; it contains about forty 
groups of atolls, and three encircled islands, two of which 
are engraved in Fig. 3, Plate I, and Fig. 3, Plate II. Com- 
mencing with the eastern part; the encircling reef round 
Ualen appears to be only about half a mile from the shore ; 
but as the land is low and covered with mangroves ( Voyage 
autour du Monde^ par F. Lutkd, voL i. p. 339)» 
margin has not probably been ascertained. The extreme 
depth in one of the harbours within the reef is thirty-three 
fathoms (see charts in atlas of Coquillds voyage), and out- 
side at half a mile distant from the reef, no bottom was 
obtained with 250 fathoms. The reef is surmounted by 
many islets, and the lagoon-like channel within is mostly 
shallow, and appears to have been much encroached on by 
the low land surrounding the central mountains ; these 
facts show that time has allowed much detritus to accu- 
mulate ; coloured pale blue. — PouynipUe, or Seniavine. In 
the greater part of the circumference of this island, the reef 
is about one mile and three quarters distant ; on the north 
side it is five miles off the included high islets. The reef 
is broken in several places; and just within it, the depth 
in one place is 30 fathoms, and in another, 28, beyond 
which, to all appearance, there was “ un porte vaste et sur^' 
(Lutk^ vol. ii. p. 4).; coloured pale h\nt.—Moiaku or 
Moug. This wonderful group contains at least 62 islands, 
and its reef is 135 miles in circuit Of the islands, only 
a few, about six or eight (see Hydrog. Description^ p. 42% 
of the Voyage of the Astrolabe^ and the large accompanying 
chart taken chiefly from that given by Duperrey) are high, 
and the rest are all small, low, and formed on the tml 
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The depth of the great interior lake has not been ascer- 
tained; but Captain D’Urville appears to have entertained 
no doubt about the possibility of taking in a frigate. The 
reef lies no less than fourteen miles distant from the 
northern coasts of the interior high islds., seven from their 
western sides, and twenty from the southern; the sea is 
deep outside. This island is a likeness on a grand scale 
to the Gambier group in the Low Archipelago. Of the 
groups of low^ islands forming the chief part of the 
Caroline Archip'^lago, all those of larger size, have the true 
atoll-structure (as may be seen in the atlas by Captain 
Lutk^, and some even of the very small ones, as 
Macaskill and Duperrey^ of which plans are given in the 
atlas of the Coquille's voyage. There are, however, some 
low small islands of coral-formation, namely, Ollap, Tama- 
tam^ Bigali^ Satahoual, which do not contain lagoons ; 
but it is probable that lagoons originally existed, but have 
since filled up: Lutkd (vol. ii. p. 304) seems to have 
thought that all the low islands, with only one exception, 
contained lagoons. From the sketches, and from the 
manner in which the margins of these islands are engraved 
in the atlas of the voyage of the Coquille^ it might have 
been thought that they were not low; but by a comparison 
with the remarks of Lutkd (vol. ii. p. 107, regarding Bigali) 
and of Freycinet {Hydrog. Memoir EUranie Voyage^ p. 188, 
regarding Tamatam, Ollap, etc.), it will be seen that the 
artist must have represented the land incorrectly. The 
most southern isld. in the group, namely Figuiram^ is not 
coloured, because I have found no account of it. Nougouor^ 
ox Monte Verdison^ which was not visited by Lutkd, is 

t In D’Umlle and Lottin's chart, Peserare is written with capital 
letters ; but this evidently is an error, for it is one of the low islets on 
the reef of Namonouyto (see Lutk6’s charts),~a regular atoll. 
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described and figured hy l'U,?ririett (U^niid ,%Wifi 

Journal, Jan. 1832) as an atoll. All the alioveniictiliofteci 
islands have been coloured blue 
Western Part of thk Cakoijmk 
Fais Island is ninety feet high, and is ftiirroiinclifd, I 
have been informed by Admiral Lulkt*i by a narniw ret’f 
of living coral, of which the liroadcf^t part, m re|ire«iiled 
in the charts, is only 150 yank; cfilciiirc’d red — 

Isld., I believe, is low; but Hunter, m fits Ms/mmi 
Journal, gives no clear account cif it; iiiiCfd^iiired»«-*/t/iw/ 
from the manner in which the mki% on t!ie reefs are 
engraved, in the atlas of the AslnFtfiis voy^gf, I shcnikl 
have thought they were above llic ordinary .height, hm 
Admiral Lutkd assures me this is not tlic case : they form 
■ a regular atoll; coloured blue.— 6V//ri/ of Clianiisso) 

is a high island with a reef (see tiiart in 1%. of J.i/w/iiAr), 
more than a mile distant ia most pans from llie sliore, 
and two miles in one part. Capt iyUrvilb lliinks ihal 
there would be anchorage {Iljdmg* IMirifiL Asir§kk 
Voyage, p. 436) for ships within the reef, if a passage ccsulil 
be found; coloured pale blue.— from the eli?irl 
in the Aslrolalds atlas, appear.^ to be an aloll IFUrtillc 
{Hydrog, Descript, p. 437) speaks of the bw ideii cm 
the reef ; coloured dark blue. 

. ■ P'ELEW IsLDS. — Krusenstern speak of , ifiiiii! of llio 
islands being mountainous ; the reefs are dktatii Irfini the 
..shore, and there are spaces within thcnii and iiol opficifiie 
.\ ralleys, with from ten to fifteen falboaiifi to 

% MS, chart of the group by I^ieiiL Elmer in the AiJnilraltfi 
there is a large space withi.n the rcef with det*pii^lt water ; 
although the high land does not hold t ri*nlfiil poiilioit 
with respect to the reefs, as is getierilly the case, I have 
Etde doubt that the reefe of the Pdew Itlandi Ottglil lo 
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be ranked with the barrier class, and I liave coloured them 
pale blue. In Lieut. Elmer^s chart there is a horse-shoe- 
formed shoal, laid down thirteen miles N.W. of Pelew, 
with fifteen fathoms within the reef, and some dry banks 
on it; coloured dark blue. — Spanish^ Mariires^ Sanserot^ 
Fulo Atma^ and Mariere Islands are not coloured, because 
I know nothing about them, excepting that according to 
Krusenstern, the second, third, and fourth mentioned, are 
low, placed on coral-reefs, and therefore, perhaps, contain 
lagoons; but Pulo Mariere is a little higher. 

Mariana Archipelago, or Ladrones. — Guahan. 
Almost the whole of this island is fringed by reefs, which 
extend in most parts about a third of a mile from the land. 
Even where the reefs are most extensive, the water within 
them is shallow. In several parts there is a navigable 
channel for boats and canoes within the reefs. In 
Freycinet’s Ilydrog. Mem. there is an account of these reefs, 
and in the atlas, a map on a large scale ; coloured red. — 
Fota. ** L^ile est presque entibrement entourde des rdcifs'^ 
(p. 212, FreycinePs Hydrog. Mem.). These reefs project 
about a quarter of a mile from the shore ; coloured red.— 
Tinian. Theeastern coast is precipitous, and is without reefs; 
but the western side is fringed like the last island ; coloured 
red. — Saypan. The N.E. coast, and likewise the western 
shares appear to be fringed ; but there is a great, irregular 
horn like reef projecting far from this side ; coloured red. 
—Farallon de Medinilia appears so regularly and closely 
fringed in FreycinePs charts, that I have ventured to 
colour it red, although nothing is said about reefs in the 
Ifydragraphkai Mmimr. The several islands which form 
the northern part of the group are volcanic (with the 
exception perhaps of Torres, which resembles in form the 
iimdreporitic island of Medinilia), and appear to be without 


cl 


so fiiich is a link; an4 mi llicru n iici a|i|if‘aiaiir»* iff mi g 
clciiilile lirH'i td the c^intence of clrrfi %%airr williiii, I liave 
veniyrccl, alilioiigh with iniirh Ici frilmir lliciti 

red* Ecfif'iccliiig Fd^tr and J/iiri/in// hiii. wliicti lie 
some way cast of the ^fiiriana^ 1 ran firnl oiii iiciiliiiig, 
esecepting that they arc prnliahlf low. Kniserrsirrri ays 
Ihii of Marshall Ii»lr!*; ami Folger bki k wriiieii will 
iifiallieltcru In D'UrvUle^i rhail ; iiiicciloiircci 

Ilo^siN or Afe;fcniiHi*o Cikohi*. — iM .Ml kw li«fi 
eiimiiiccl by Dipt, llecrhcy, to w!io«« kiiwJiiC'ii I am imich 
intlcblird for giving me itiformaiion renariliiig it : ** Al Pori 


is criiircly formed by coral*’recf*i, miiidi exlcnci fiwhalc llte 


all directions: lint it llie tame litiic it Im olwrrvcd 


grttler part of its circnmforencc* i do not know wticilirr 
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the coast in this part is fringed by coral-reefs; M. Lesson, 
however, remarks that the coral is sickly ; coloured red. — 
Waigiou. A considerable portion of the northern shores 
of these islands is seen in the charts (on a large scale) in 
Freycinefs Alas to be fringed by coral-reefs. Forrest 
(p. 21, Voyage io Neiv Guinea) alludes to the coral-reefs 
lining the heads of Piapis Bay; and Horsburgh (vol. ii. p. 
599, 4th edit), speaking of the islands in Darapier Strait, 
says sharp coral-rocks line their shores coloured red — 
In the sea north of these islands, we have Gueles (or 
or St Davids), which from the chart given to 
the 4to edit of Carteret^s Voyage, must be an atoll. 
Krusenstern says the islets are very low; coloured blue. — 
Cartenfs Shoals, in 2" 53' N.,are described as circular, 
with stony points showing all round, with deeper water in 
the middle; coloured blue. — Aiou; the plan of this group, 
given in the alias of the voyage of the Astrolabe, shows 
that it is an atoll ; and, from a chart in Forrest's Voyage, it 
appears that there is twelve fathoms within the circular 
reef; coloured blue. — The S.W. coast of New Guinea 
appears to be low, muddy, and devoid of reefs. The Arm, 
Itmor-laut^ and Tenimler groups have lately been examined 
by Capt Kolff, the MS. translation of which, by Mr. W. 
Earl, I have been permitted to read, through the kindness 
of CapL Washington, R.N. These islands are mostly 
rather low, and are surrounded by distant reefs (the Ki 
Island^ however, are lofty, and, from Mr. Stanley's survey, 
appear without reefs) ; the .sea in some parts is shallow, in 
ethers profoundly deep (as near Larrat). From the imper- 
fection of the published charts, I have been unable to 
decide to which class these reefs belong. From the 
distana to which they extend from the land, where the sea 
1$ very deep, I am strongly inclined to believe they ought 


to come witriin irm liarriJ/r ami he r«!oiirifl hliii* ■ hut 
I have hecn forced to leave them iificolmiteil-'-l lie 
!!iciilionc?cl groups arc comicctcd wiih the ra%t md of 
Ceram by a chain of hdtimls of ilic Miiall 

groups of Ceram Jmff Gamm^ arsd Krflin^ arc 
by very extensive reefs, projeriin|| ioia ilrrp maitri wliiciti 
as in the Iasi case, I sirongly siispcrl behaig Oi ilic Imrriit 
class ; blit I have not coloured iliciit h'ltim the ?ifiiitli i»icje 
of Keftlng, the reefs project five iriilcs (Windsor llarfs 
Saiiiag DiruL far the Arafimt i|), 

Ckiiam.*— I n various charts ivbicfi I have eiimiiieil. 


old MS. chart in the Admiralty, is friii^ed by a very 
irregular reef, partly dry at hw water, wliidi I do mit cloiill 


the eastern coast, m icen in Freyriricff chan ; aticl Cafeii 
Bajf which is said by Ilorsburgh (voh IL ji. fijo)l0 Im 
lined by cciral-reefs, that sireich out a lillle way, and liafc 
only a few feet water on them. In several charts poflioiii ©I 
the islands forming the AMiioiMa Oaour are fritigril by rctfi| 
for instance, and Gmsfer^ iii b*rcyrifiet*i 


that Howliurgft {vol if. p. 543) lays that llie ncttiheiti ihtre 
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as if fringed; and it is said by Freycinct, that all the 
soundings under five fathoms were on coral ; coloured red. — ■ 
Giiolo. In a chart published by Dalrymple, the numerous 
islands on the western, southern (Bafchian and the Sfraz/ of 
Paiimtia\ and eastern sides appear fringed by narrow reefs ; 
these reefs, I suppose, are of coral, for it is said in Malte 
Brun (vol xiL p. 156), “Sur les cotes (of Batchian) comme 
dam ies pliiparl dcs iles de cet archipel, il y a de rocs 
de madrepores dhine beautd et d'une vari^td infinies.” 
Forrest, also (p. 50), says Seknd, near Batchian, is a little 
island with reefs of coral; coloured red. — Moriy Island 
(north of Gilolo) ; Horsburgh (vol ii. p. 506) says the 
northern coast is lined by reefs, projecting one or two miles, 
and having no soundings close to them ; I have left it 
uncoloured, although, as in some former cases, it ought 
probably to be pale U\xc.—Ce/ehs, The western and 
northern coasts appear in the charts to be bold and with- 
out reefs* Near the extreme northern point, however, an 
islet in the Siraiis of Limbe^ and parts of the adjoining 
shore, appear to be fringed : the east side of the bay 
of Mmmdh-^ has deep water, and is fringed by sand and 
coral {Jsirol Voyage^ Hydrog. Fart, pp. 453-4); this 
extreme point, therefore, I have , coloured red. — Of the 
iiltnds leading from this point to Magindanao, I have 
not been able to find any account^ except of Serangam\ 
which , appears surrounded by narrow reefs ; and Forrest 
p* 164) speaks of coral on its shores; 'I have, 
lliereCore, coloured this island red. To the eastward of 
this cliain lie several Islands ; of which I cannot find any 
tccount, except of Xarbmiangf which is said by Horsburgh 
(vol ii p. 504) to be lined by a dangerous reef, projecting 
geveral miles ^m^ the northern shore ; not coloured. 

IstA:MOS smt TmoE.*— The account of the foEowing- 


islands IS taken from Capt, I), Knlff ^ in 1825, 

translated by Mr, W. Earl, froiii the /.f/zn 

reefs extending along shore nt the cJistanrr nf finlf a utiUj 
from the land/ —J/^a has rcef^ on tiie SAW 
has a reef lining its shore; these islands are rtijloiinai ml — 
Still more eastward, Zurm lias, diffcrenily fifiiii the Ia%i- 
mentioned islands, an extensive reef ; it h uU-ip oiilsiije, 
and witldn there is a dqith of twelve fet?t frcmi ilifme facii»| 
it is impossible to decide to which cla»^i this inlariil belongs* 
—Kissaf off the point of Zmmr, has its froriied by 

a reef, steep too on the outer side, over which small proths 
can go at the time of high water coloyreci red,— J»«#r; 
most of the points, and some consiiieralde sjiacci of the 
northern shore, are seen in Freyc:iiiel ■» cJiaii to t>e Ifinged 
by coral-reefs; and meniion ii maijir of I hem in the 
accompanying Zhrmir; roloiiritl red— S.E* 

of Timor, ap|iears in Flinders* cliarl la lie frift|ed ; bni 
I have not coloured it, as I do nol know iliit Ihc reefi arc 
of 

(vol iL p. 607), a reef on its sciiillicrii ilicirq lour wiiri 
distant from the land ; as tlic neiglilioiiriiig ica is deep, itnd 

ventured to colour it. 

N.W. Coast or AusTaALiA,™It appeari, la Cipl. Eiii 
Sa 

Ihi 


in the chart! bttweeii tlic« reefi mid tbt I«i^ : 
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Abroihos (lat. 28® S. on west coast) have lately been 
surveyed by CapL Wickham (as described in NauL Mag,, 
1841, p. 511): they lie on the edge of a steeply shelving 
hmk, which extends about 30 miles seaward, along the 
whole line of coast The two southern reefs, or islands, 
enclose a lagoon-like space of water, varying in depth from 
5 to 15 fathoms, and in one spot with 23 fathoms. The 
greater part of the island has been formed on their inland 
sides, by the accumulation of fragments of coral ; the sea- 
ward face consisting of nearly bare ledges of rock. Some 
of the specimens, brought home by Capt. Wickham, con- 
tained fragments of marine shells, but others did not ; and 
these closely resembled a formation at King George^s 
Sound, principally due to the action of the wind on 
calcareous dust, which I shall describe in a forthcoming 
part From the extreme irregularity of these reefs with 
their lagoons, and from their position on a bank, the usual 
depth of which is only 30 fathoms, I have not ventured 
to class them with atolls, and hence have left them un- 
C0lc>ured.—-ifw/fj^ S/wa/s, These lie some way from, the 
NA¥* coast of Australia ; according to Capt King {Narra-^ 
tim §/ Survey, voL i. p. 60), they are of coral-formation. 
They rise abruptly from the sea, and Capt. King had no 
bottom with ,170 fathoms close to them. Three of them 
tr« cresccnt-sliaped; they are mentioned by Mr. Lyell, on 
the tiilhority of Capt King, with reference to the direction 
of their open sides* “ A third oval reef of the same group 
is ettlirely subnserged {Frinctpks of Geolog., book iiL 
chap Xfiti)? coloured blue. — ^aifs Reefs, lying north of 
Eowlcf SIimIs, are briefly described by Capt Wickham 
{MmwL M&g,, 1841, p. 440)*. they appear to be of great 
si«, of a circular form, and *^with smooth water within, 
forming protiably a lagoon of great extent” There is a break 



on the western sick, wtere there prciliilily i'* an eiil ranee: 
the water is %^cry deep fM'( ihe^e reels ; himt. 

Proceeding westward ahmg llie grtMi VfiliMisic: eliain of 
the East Indian Arctiipelago, Simii i-v rr|irr?iciiiefi in 
a chart published by Dalrymple from a Ihiuli m 
fringed ; m are parts of of tHiid of A#/r#n 

llorsburgh speaks of coral grcntiiig on llienc dixies; aiici 
therefore I have no doubt that the reefs are of tiirali ariii 
accordingly have coknirecl ilieiti red %¥e liimr frnin 
Horsl'iurgh (vol. li. p, 602) timi a coraldlat bounds ilie 
shores of Sa// Bay, From the ayiliorily ii apjicari 
(p, 61©) tlrat reefs fringe the isLmd of IW^i^ on 

the N, shore of Sninliawa ; and, likcwi'wc (p, ($m% that 
Baify town in Ijmthek^ is fronird by a reef, iirelctiiiif 
along the shore at a distance cif a liiiiidfed biltiiitiiii with 
channels througli it for boats \ these jikcc\ hate 
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are regularly friuged by coral-reefs. Carimon Java appears 
equally so, though it is not directly said that the reefs are 
of coral; there is a depth between 30 and 40 fathoms 
round these islands. Parts of the shores of Sunda Sir,, 
where the water is from 40 to 80 fathoms deep, and the 
islets near Batavia appear in several charts to be fringed. 
In the Dutch chart the Koiuhern shore, in the narrowest 
part of the island, is in two places fringed by reefs of coral. 
West of S€:^orrowodee Bay, and the extreme S.E. and E. 
portions are likewise fringed by coral-reefs ; all the above- 
mentioned places coloured red. 

Macassar Sir, ; tlic east coast of Borneo appears, in most 
parts, free from reefs, and where they occur, as on the east 
coast of Pamarmm:^\ the sea is very shallow ; hence no part 
is coloured. In 3facas$ar Str., itself, in about lat S., 
there arc many small islands with coral-shoals projecting 
far from them. There are also (old charts by Dalrymple) 
numerous little flats of coral, not rising to the surface of the 
water, and slielving suddenly from five fathoms to no 
bottom with fifty fathoms; they do not appear to have a 
lagoon like structure. There are similar coral-shoals a little 
farther south ; and in lat, 4® 55' there are two, which are 
engraved from modern surveys, in a manner which might 
represent an annular reef with deep water inside; Capt 
Moresby, however, who was formerly In this sea, doubts 
this fact, so that I have left them uncoloured : at the same 
time 1 may remark, that these two shoals make a nearer 
approach to the alol! 4 ike structure than any other, within 
the E. Indian Arch. Southward of these shoals there are 
Ollier low islands and irregular coral-reefs ; and in the space 
of sea, north of the great volcanic chain, from Timor to 
Java, we have also other islands, such as the Posiillhns^ 
etc., which are chiefly low, and are 



surrounded by very irregular and rrt* 

iiupcrfcct diarls I have I Isnu* n*#i 

dfdde whellier lliey bclang In tliif fir 


sloping lancL In the 


but none of them seem lo iiave an atol! \ih* f4Tisriiiri% I 
have,, tlierefare, not colcmrccl any of ilitt i ilaridi iri iliis |i;iri 
of tie sea; 1 iliink it, however, exceediiijly fmibalile tliat 
some of lliem oiiglit to be 1 nwf add ilmi iliere ka 

harbour on llie S.E. coasi of Hmiim wliich, aecordirig loan 
old cliarh *« formed by a reef, |iaral!el ici tlic liiore, with 


lalaiicw are rcpriseiactl wiili reefn a |ocicl. way 
distant, but I da oot know wheilier wilii deefi waler wiibiiL 
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coral-bank, which stretches about forty yards from the shore, 
is steep to all round: in a chart, also, which I have seen, 
the island is represented as regularly fringed ,— Minfao 
is lined with reefs on its west side (Horsburgh, vol ii. 
p. 107). — Puio Baniak ; the same authority (vol ii. p. 105), 
speaking of a part, says it is faced with coral-rocks.— 
Minguin (3® 36' N.}. A coral-reef fronts this place, and 
projects into the sea nearly a quarter of a mile {Noikes of 
the Indian Arch,^ published at Singapore, p. io^,—Puio 
Brassa (5® 46' N.). A reef surrounds it at a cablets length 
(Horsburgh, vol. ii. p. 60). I have coloured all the above- 
specified points red. I may here add, that both Horsburgh 
and Mr. Moor (in the Notices just alluded to) frequently 
speak of the numerous reefs and banks of coral on the west 
coast of Sumatra ; hut these nowliere have the structure of 
a barrier-reef, and Marsden (IP story of Sumatra) states, 
that where the coast in flat, the fringing-reefs extend furthest 
from it The northern and southern points, and the greater 
part of the east coast, are low, and faced with nnid !)anks, 
and therefore without coral 

Nicobae Islands— The chart represents the islands of 
this group as fringed l)y reefs. With regard to Gtmt 
Nicobar^ Capt. Moresby informs me, that it Is fringed by 
reefs of coral, extending between 200 and 300 yards from 
the shore. The Nort/icrn Nicoktrs appear io regularly 
fringed In the published charts, that I have no doubt the 
reefs are of coral This group, therefore, is coloured red. 

■ Andamah Isi-ands.— From an examination of the MS. 
chart, on a large scale, of this island, by Capt Arch. Blair, in 
the Admiralty, several portions of the coa^t appear fringed ; 
and ai Horsburgh speaks of coral-reefs being numerous in 
the vicinity of these inlands, I sh?>uld have coloured iheiri 
red, had not some expresstoni in a paper In the Asmtk 

BBq 
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Researches (vol. iv. p. 402) led me to doubt the existence of 
reefs ; un col cured. 

The coast of Malacca^ Tenasserim^ and the coasts north- 
ward, appear in the greater part to be low and muddy: 
where reefs occur, as in parts of Malacca Straits^ and near 
Singapore^ they are of the fringing kind ; but the water is 
so shoal, that I have not coloured them. In the sea, how- 
ever, between Malacca and the west coast of Borneo, where 
there is a greater depth from 40 to 50 fathoms, I have 
coloured red some of the groups, which are regularly 
fringed. The northern Natunas and the Anamhas Islds* 
are represented in the charts on a large scale, published in 
the A^ias of the Voyage of the Favourite, as fringed by reefs 
of coral, with very shoal water within them , — Tutnbelan and 
Bunca Islds. (i“ N.) are represented in the English charts as 
surrounded by a very regular fringe . — St Barbes {o' 15' N*) 
is said by Horsburgh (vol. ii. p. 279) to be fronted by a 
reef, over which boats can land only at high water. — -The 
shore of at Tunjong Apee is, also fronted by a reef, 

extending not far from the land (Horsburgh, vol iL p. 468)^ 
These places I have coloured red; although with some 
hesitation, as the water is shallow. I might perhaps have 
added Pulo Leat, in Caspar Str., Lucepara, and Carimaia,* 
but as the sea is confined and shallow, and the reefs not 
very regular, I have left them uncoloured 

The water shoals gradually towards the whole west coast 
of Borneo: I cannot make out that it has any reefs of coral 
The islands, however, off the northern extremity, and near 
the S.W. end of Palawan, are fringed by very distant coral 
reefs ; thus the reefs in the case of Baiabac are no lesi than 
five miles from the land ; but the sea, in the whole of tli» 
district, is so shallow, that the reefs, might be expected to 
extend very far from the land. I have not, therefor^ 
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thought myself authorised to colour them. The N.E. 
point of Borneo, where the water is very shoal, is con- 
nected with Magindanao by a chain of islands called the 
Sooloo Archipelago^ about which I have been able to obtain 
very little information ; Pangootarariy although ten miles 
long, entirely consists of a bed of coral-rock {Notices of E, 
Indian Arch,^ p. 58) : I believe from Horsburgh that the 
island is low; not coloured . — Tahow bank, in some old 
charts, appears like a submerged atoll; not coloured. 
Forrest (Voyage, p. 21) states that one of the islands near 
Sooloo is surrounded by coral-rocks ; but there is no distant 
reef. Near the S. end of Basselan, some of the islets in 
the chart accompanying Forrest^s Voyage, appear fringed 
with reefs; hence I have coloured, though unwillingly, 
parts of the Sooloo group red. The sea between Sooloo 
and Palawan, near the shoal coast of Borneo, is interspersed 
with irregular reefs and shoal patches ; not coloured : but 
in the northern part of this sea, there are two low islets, 
Cagayanes and Cavilli, surrounded by extensive coral-reefs ; 
the breakers round the latter (Horsburgh, vol. ii. p. 513) 
extend five or six miles from a sandbank, which forms the 
only dry part; these breakers are steep to outside; there 
appears to be an opening through them on one side, with 
four or five fathoms within: from this description, I 
strongly suspect that Cavilli ought to be considered an 
atoll ; but, as I have not seen any chart of it, on even a 
moderately large scale, I have not coloured it. The islets 
off the northern end of Palawan, are in the same case as 
those off the southern end, namely, they are fringed by 
reefs, some way distant from the shore, but the water is 
exceedingly shallow ; uncoloured. The western; shore of 
Palawan will be treated of under the head of China Sea. 
Philippine Archipelago. — A chart on a large scale of 
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Appoo Shoal^ which lies near the S.E. coast of Mindoro, 
has been executed by Capt. D. Ross : it appears atoll- 
formed, but with rather an irregular outline ; its diameter 
is about ten miles; there are two well-defined passages 
leading into the interior lagoon, which appears open ; close 
outside the reef all round, there is no bottom with seventy 
fathoms; coloured blue. — Mindoro: the N.W. coast is 
represented in several charts, as fringed by a reef, and 
Luhan Isid. is said, by Horsburgh (vol. ii. p. 436), to be 
lined by a reef.” — Luzon: Mr. Cuming, who has lately 
investigated with so much success the Natural History of 
the Philippines, informs me, that about three miles of the 
shore north of Point St. Jago, is fringed by a reef ; as are 
(Horsburgh, vol. ii. p. 437) the Three Friars off Silanguin 
Bay. Between Point Capones and Playa Honda, the coast is 
lined by a coral-reef, stretching out nearly a mile in some 
places” (Horsburgh); and Mr. Cuming visited some fringing- 
reefs on parts of this coast, namely, near Puebla, Il)a, and 
Mansinglor. In the neighbourhood of Solon-solon Bay, 
the shore is lined (Horsburgh, ii. p. 439) by coral-reefs, 
stretching out a great way : there are also reefs about the 
islets off Solamague ; and as I am informed by Mr. Cuming, 
near St Catalina, and a little north of it The same 
gentleman informs me there are reefs on the S.E. point 
of this island in front of Samar, extending from Malalahon 
to Bulusan. These appear to be the principal fringitig-reefs 
on the coasts of Luzon ; and they have all been coloured 
red. Mr. Cuming informs me that none of them hare 
deep water within ; although it appears from Horsburgb 
that some few extend to a considerable distance from the 
shore. Within the Philippine Archipelago, the shares of 
the islands do not appear to be commonly fringed, with 
the exception of the S. shore of Mmbak^ and nearly tht 
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whole of Bohol; which are both coloured red. On the S. 
shore oi Magindanao, Bunwoot Isld. is surrounded (accord- 
ing to Forrest, Voyage^ p. 253) by a coral-reef, which in the 
chart appears one of the fringing class. With respect to 
the eastern coasts of the whole Archipelago, I have not 
been able to obtain any account 

Babuyan Islands. — Horsburgh says (vol. ii. p. 442), 
coral-reefs line the shores of the harbour in Fuga; and 
the charts show there are other reefs about these islands. 
Camiguin has its shore in parts lined by coral-rock 
(Horsburgh, p. 443) ; about a mile off shore there is 
between 30 and 35 fathoms. The plan of Port San Pio 
Quinto shows that its shores are fringed with coral; 
coloured red. — Bashee Islands ; Horsburgh, speaking of 
the southern part of the group (vol. ii. p. 445), says the 
shores of both islands are fortified by a reef, and through 
some of the gaps in it, the natives can pass in their 
boats in fine weather; the bottom near the land is coral- 
rock. From the published charts, it is evident that several 
of these islands are most regularly fringed ; coloured red. 
The northern islands are left uncoloured, as I have been 
unable to find any account of them. — Formosa. The 
shores, especially the western one, seem chiefly composed 
of mud and sand, and I cannot make out that they are 
anywhere lined by reefs ; except in a harbour (Horsburgh, 
voL ii. p, 449) at the extreme northern point : hence, of 
course, the whole of this island is left uncoloured. The 
small adjoining islands are in the same case. — Patchow, 
OR Madjiko-Sima Groups. Patchuson has been described 
by Capt Broughton (Voy. to the N, Pacific^ p. 191); he 
says, the boats, with some difficulty, found a passage 
through the coral-reefs, which extend along the coast, nearly 
half a mile off it The boats were well sheltered within the 
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reef ; but it does not appear that the water is deep there. 
Outside the reef the depth is very irregular, varying from 
five to fifty fathoms; the form of the land is not very 
abrupt; coloured red. — Tayptn-san ; from the description 
given (p. 195) by the same author, it appears that a very 
irregular reef extends, to the distance of several miles, from 
the southern island ; but whether it encircles a space of 
deep water is not evident; nor, indeed, whether these 
outlying reefs are connected with those more immediately 
adjoining the land ; left uncoloured. I may here just add 
that the shore of Kumi (lying west of Patchow) has a 
narrow reef attached to it in the plan of it, in La Peyrouse’s 
atlas ; but it does not appear in the account of the voyage 
that it is of coral ; uncoloured. — Loo Choo. The greater 
part of the coast of this moderately hilly island is skirted 
by reefs, which do not extend far from the shore, and 
which do not leave a channel of deep water within them, as 
may be seen in the charts accompanying Capt. B. Hall's 
voyage to Loo Choo (see also remarks in Appendix, pp. xxi. 
and XXV.). There are, however, some ports with deep 
water, formed by reefs in front of valleys, in the same 
manner as happens at Mauritius. Capt. Beechey, in a 
letter to me, compares these reefs with those encircling 
the Society Islands ; but there appears to me a marked 
difference between them, in the less distance at which the 
Loo Choo reefs lie from the land with relation to the 
probable submarine inclination, and in the absence of an 
interior deep water-moat or channel, parallel to the land. 
Hence, I have classed these reefs with fringing-reefs, and 
coloured them red. — Pescadores (west of Formosa). 
Dampier (voL i. p. 416) has compared the appearance of 
the knd to the southern parts of England The islands 
are interlaced with coral-reefs; but as the water is very 
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shoal, and as spits of sand and gravel (Horsburgh, vol. ii. 
p. 450) extend far out from them, it is impossible to draw 
any inferences regarding the nature of the reefs. 

China Sea. — Proceeding from north to south, we first 
meet the Pratas Shoal (lat. 20° N.) which, according to 
Horsburgh (vol. ii. p. 335), is composed of coral, is of a 
circular form, and has a low islet on it. The reef is on 
a level with the water’s edge, and when the sea runs high,, 
there are breakers mostly all round, “ but the water within 
seems pretty deep in some places ; although steep-to in 
most parts outside, there appear to be several parts where 
a ship might find anchorage outside the breakers ; ” coloured 
blue. — The Paracells have been accurately surveyed by 
Capt. D. Ross, and charts on a large scale published : but few 
low islets have been formed on these shoals, and this seems 
to be a general circumstance in the China Sea; the sea 
close outside the reefs is very deep ; several of them have 
a lagoon-like structure; or separate islets {Prattle, Robert, 
\Dru7nm0nd, etc.) are so arranged round a moderately 
shallow space, as to appear as if they had once formed 
one large atoll. — Bombay Shoal (one of the Paracells) has 
the form of an annular reef, and is “apparently deep with- 
in ; ” it seems to have an entrance (Horsburgh, vol. ii. 
p. 332) on its west side ; it is very steep outside. — Discovery 
Shoal, also, is of an oval form, with a lagoon-like space 
within, and three openings leading into it, in which there 
is a depth from two to twenty fathoms. Outside, at the 
distance (Horsburgh, vol. ii. p. 333) of only twenty yards 
from the reef, soundings could not be obtained. The 
Paracells are coloured blue . — Macclesfield Bank: this is 
a coral-bank of great size, lying east of the Paracells ; some 
parts of the bank are level, with a sandy bottom, but, 
generally, the depth is very irregular. It is intersected by 
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deep cuts or channels. I am not able to perceive in the 
published charts (its limits, however, are not very accurately 
known) whether the central part is deeper, which I suspect 
is the case, as in the Great Chagos Bank, in the Indian 
Ocean j not coloured. — Scarborough Shoal: this coral-shoal 
is engraved with a double row of crosses, forming a circle, 
as if there was deep water within the reef: close outside 
there was no bottom, with a hundred fathoms; coloured 
blue. — The sea oflf the west coast of Palawan and the 
northern part of Borneo is strewed with shoals: Sivallotv 
Shoal^ according to Horsburgh (vol. ii. p. 431), “is formed, 
like most of the shoals hereabouts, of a belt of coral-rocks, 
with a basin of deeper water within.” — Half-Moon Shoal 
has a similar structure; Capt. D. Ross describes it, as a 
narrow belt of coral-rock, “ with a basin of deep water in 
the centre,” and deep sea close outside. — Bombay Shoal 
appears (Horsburgh, voL ii. p. 432) ‘‘to be a basin of 
smooth water surrounded by breakers.^' These three shoals 
I have coloured blue. — The Paraquas Shoals are of a 
circular form, with deep gaps running through them ; not 
coloured. — A bank gradually shoaling to the depth of 30 
fathoms, extends to a distance of about 20 miles from the 
northern part of Borneo, and to 30 miles from the northern 
part of Palawan, Near the land this bank appears 
tolerably free from danger, but a little further out it is 
thickly studded with coral-shoals, which do not generally 
rise quite to the surface ; some of them are very steep-to, 
and others ha,ye a fringe of shoal-water round them. I 
should have thought that these shoals had level surfaces, 
had it not been for the statement made by Horsburgh 
“ that most of the shoals hereabouts are formed of a belt 
of coral,” But, perhaps that expression was more particu- 
larly applied to the shoals further in the offing. If these 


APPENDIX, 


233 


reefs of coral have a lagoon-like structure, they should 
liave been coloured blue, and they would have formed an 
iiiaperfect barrier in front of Palawan and the northern 
part of Borneo. But, as the water is not very deep, these 
reefs may have grown up from inequalities on the bank : 
1 have not coloured them. — The coast of China^ Tonquin^ 
a,nd Cochm-China^ forming the western boundary of the China 
Sea, appear to be without reefs : with regard to the two last- 
mentioned coasts, I speak after examining the charts on a 
large scale in the atlas of the voyage of the Favourite, 

Indian Ocean. — South Keeling atoll has been specially 
described ; nine miles north of it lies North Keeling, a very 
small atoll, surveyed by the Beagle^ the lagoon of which is 
dry at low water. — Christinas Island^ to the east, is a 
liigh island, without, as I have been informed by a person 
'Who passed it, any reefs at all. — Ceylon: a space about 
eighty miles in length of the S.-western and southern shores 
of these islands has been described by Mr. Twynam {Naut 
Jflag,, 1836, pp. 365 and 518); parts of this space appear 
to be very regularly fringed by coral-reefs, which extend 
* from a quarter to half a mile from the shore These reefs 
a.re in places breached, and afford safe anchorage for the 
small trading craft Outside, the sea gradually deepens; 
tliere is 40 fathoms about six miles off shore : this part I 
liave coloured red. In the published charts of Ceylon there 
appear to be fringing-reefs in several parts of the south- 
oastern shores, which I have also coloured red. — At Venloos 
IBay the shore is likewise fringed. North of Trincomalee 
•there, are also reefs of the same kind. The sea off the 
i3.orthern part of Ceylon is exceedingly shallow 3 and there- 
fore I have not coloured the reefs which fringe portions of 
its shores, and the adjoining islets, as well as the Indian 
promontory of Madura, 
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Chagos, Maldiva, and Laccadive Archipelagoes.— 
These three great groups which have already been often 
noticed, are now well known from the admirable surveys 
of Capt Moresby and Lieut. Powell. The published charts, 
which are worthy of the most attentive examination, at 
once show that the Chagos and Maldiva groups are entirely 
formed of great atolls, or lagoon-formed reefs, surmounted 
by islets. In the Laccadive group, this structure is less 
evident ; the islets are low, not exceeding the usual height 
of coral formations (see Lieut. Wood’s account, Geograph. 
Journ.^ voL vi. p. 29), and most of the reefs are circular, as 
may be seen in the published charts ; and within several of 
them, as I am informed by Capt. Moresby, there is deepish 
water \ these, therefore, have been coloured blue. Directly 
north, and almost forming part of this group, there is a long, 
narrow, slightly curved bank, rising out of the depths of the 
ocean, composed of sand, shells, and decayed coral, with 
from twenty-three to thirty fathoms on it. I have no doubt 
that it has had the same origin with the other Laccadive 
banks ; but as it does not deepen towards the centre I have 
not coloured it. I might have referred to other authorities 
regarding these three archipelagoes ; but after the publica- 
tion of the charts by Capt Moresby, to whose personal 
kindness in giving me much information I am exceedingly 
indebted, it would have been superfluous. 

Sahia de Malha bank consists of a series of narrow banks, 
with from 8 to 16 fathoms on them ; they are arranged in a 
semicircular manner, round a space about forty fathoms 
deep, which slopes on the S.E. quarter to unfathomable 
depths ; they are steep-to on both sides, but more especially 
on the ocean-side. Hence this bank closely resembles in 
structure, and I may add from Capt Moresby's information 
in composition, the Pitt’s Bank in the Chagos group j and 
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Pitt’s Bank, must, after what has been shown of the 
t Chagos Bank, be considered as a sunken, half- 
■oyed atoll ; hence coloured \3\yit.—Cargaios Carajos 
k. Its southern portion consists of a large, curved, 
1-shoal, with some low islets on its eastern edge, and 
vise some on the western side, between which there is a 
h of about twelve fathoms. Northward, a great bank 
nds. I cannot (probably owing to the want of perfect 
ts) refer this reef and bank to any class ; — therefore not 
ured. — //« de Sabk is a little island, lying west of 
Carajos, only some toises in height {Voyage of the 
ourite, vol. i. p. 130) j it is surrounded by reefs; hut 
tructure is unintelligible to me. There are some small 
ks north of it, of which I can find no clear account. — 
uriHus. The reefs round this island have been de- 
bed in the chapter on fringing-reefs ; coloured red. — 
iriiuez. The coral-reefs here are exceedingly extensive ; 
one part they project even five miles from the shore, 
far as I can make out, there is no deep-water moat 
bin them ; and the sea outside does not deepen very 
Idenly. The outline, however, of the land appears to be 
■fe of Sir J. Maktniosh, vol. ii p. 165) hilly and rugged, 
im unable to decide whether these reefs belong to the 
rrier class, as seems probable from their great extension, 
to the fringing class ; MXiColom&L— Bourbon. The 

laterpart of the shores of this 'island are without reefs; 
t Capt. Carmichael (Hooker’s Bot. Misc.) states that a 
rtion, fifteen miles in length, on the S.E. side, is imper- 
;tly fringed with coral-reefs : I have not thought this 
fficient to colour the island. 

Seychelles.— The rocky islands of primary formation, 
imposing this group, rise from a very extensive and 
lerably level bank, having a depth between 20 and 40 
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fatlioiris. In Capt. C)wen% charts and in llial in ilii: nlhn cif 
the vnyage of the Eavmrite^ it ap|>ears tliat tlu: €a :4 'atle 
of Afti/d and the adjoining i'^hinds <if SI A Mm arid € Vr/, 
arc regularly fringed hy corahreef^ A |Hrrtioii of the SJi 
part of Cunhise the N., and pau of tlie S.W* hlitire cif 
,Pmsim Isid^ and tlie whole Jiidc cif /i/#/., 

appear fringed From a MS, account of ilicse islaiicls liy 
('apt F, Moresby, in the Admiralty, it apfiears that Siikmeiii 
in also fringed ; he states that all these islaiidii are forined 
of granite and quartz^ that they rise abruptly from the tea, 
and that **coraI*reefs have grown rotincl ihenii ami prcijcri 
for some distance.” i>r. Allan, of ldirre% who viiiieci llicte 
islands, informs me that there k no deep water ticlwceii 
the reefs and the. shore. The above fipecifictl |iciitiis iiavc 
been coloured red, Amirmks Isimds : Tlie small Islands 
of this neiglibouring group, according 10 the MS. accoyiit 
of them by Capt F. Moresby, are sitiialed on an enieri- 
sivc bank ; they coriiist of the dBm of corals and shcllt ; 
are only about twenty feet in height, and arc enyiroiird 
by rcefi, some attached to the iliore, and sonic rather db- 
tant from it,--— I have taken great pains 10 prriciire plaiis anti 
information regarding the several islands lying tieiwrrii 
S,E and S,W. of the Amiraniei, and the Seyclitiki ; 
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Amirantes, certainly are not atoll-formed, and they clifTcr 
as a group from every other group with which 1 am 
acquainted ; I have not coloured them ; but probably the 
reefs belong to the fringing class. Their formation is 
attributed, both by Dr. Allan and Capt. F, Moresby, to the 
action of the currents, here exceedingly violent, on banks, 
which no doubt have had an independent geological origin. 
They resemble in many respects some islands and banks 
in the West Indies, which owe their origin to a similar 
agency, in conjunction with an elevation of the entire area. 
In close vicinity to the several islands, there are three 
others of an apparently different nature: first, Juan de 
Noz/a, which appears from some plans and accounts to be 
an atoll; but from others does not appear to be so; not 
coloured. Secondly, Cosmoledo ; “ this group consists of a 
ring of coral, ten leagues in circumference, and a quarter 
of a mile broad in some places, enclosing a magnificent 
lagoon, into which there did not appear a single opening ” 
(Horsburgh, vol I. p. 15 1); coloured blue. Thirdly, 
Aldabra; it consists of three islets, about 25 feet in height, 
with red cliffs (Horsburgh, vol i p. 176) surrounding a very 
shallow basin or lagoon. The sea is profoundly deep close 
to the shore. Viewing this island in a chart, it would be 
thought an atoll ; but the foregoing description shows that 
there is something different in its nature; Dr. Allan also 
states that it is cavernous, and that the coral-rock has a 
vitrified appearance. Is it an upheaved atoll, or the crater 
of a volcano ?— uncoloured. 

Comoro Group. — Mayotta, according to Horsburgh 
(vol i. p. 216, 4th edit), is completely surrounded by a 
reef, which runs at the distance of three, four, and in some 
places even five miles from the land; in an old chart, 
published by Dalrymple, a depth in many places of 36 and 
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38 fathoms is laid down within the reef. In the same 
chart, the space of open water within the reef in some 
parts is even more than three miles wide : the land is bold 
and peaked ; this island, therefore, is encircled by a well- 
characterised barrier-reef, and is coloured pale blue. — 
Johanna; Horsburgh says (vol. i. p. 217) this island from 
the N.W. to the S.W. point, is bounded by a reef, at 
the distance of two miles from the shore; in some parts, 
however, the reef must be attached, since Lieut. Boteler 
(Ahn, vol. i. p. 16 1) describes a passage through it, within 
which there is room only for a few boats. Its height, as I 
am informed by Dr. Allan, is about 3,500 feet ; it is very 
precipitous, and is composed of granite, greenstone, and 
quartz; coloured blue. — Mohilla; on the S. side of this island 
there is anchorage, in from 30 to 45 fathoms, between a reef 
and the shore (Horsburgh, voL i. p. 214) ; in Capt. Owen^s 
chart of Madagascar, this island is represented as encircled ; 
coloured blue. — Great Comoro IsH is, as I am informed 
by Dr. Allan, about 8,000 feet high, and apparently 
volcanic ; it is not regularly encircled ; but reefs of various 
shapes and dimensions jut out from every headland on the 
W., S., and S.E. coasts, inside of which reefs there are 
channels, often parallel with the shore, with deep water. 
On the N. -western coasts the reefs appear attached to the 
shores. The land near the coast is in some places bold, 
but generally speaking it is flat ; Horsburgh says (vol. i. p. 
214) the water is profoundly deep close to the shore^ from 
which expression I presume some parts are without reefs. 
From this description I apprehend the reef belongs to the 
barrier class ; but I have not coloured it, as most of the 
charts which I have seen, represent the reefs round it as 
very much less extensive than round the other islands in 
the group. 
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Madagascar. — My information is chiefly derived from 
the published charts by Capt. Owen, and the accounts 
given by him and by Lieut Boteler. Commencing at the 
S.W. extremity of the island ; towards the northern part of 
the Star Bank (in lat 25** S.) the coast for, ten miles is 
fringed by a reef; coloured red. The shore immediately 
S. of St Augustine" s Bay appears fringed; but Tulkar 
Harbour, directly N. of it, is formed by a narrow reef ten 
miles long, extending parallel to the shore, with from four 
to ten fathoms within it. If this reef had been more 
extensive, it must have been classed as a barrier-reef ; but 
as the line of coast falls inwards here, a submarine bank 
perhaps extends parallel to the shore, which has offered a 
foundation for the growth of the coral ; I have left this part 
uncoloured. From lat 22® 16' to 21*" 37', the shore is 
fringed by coral-reefs (see Lieut. Boteler’s Narrative^ vol. 
ii. p. 106), less than a mile in width, and with shallow water 
within. There are outlying coral-shoals in several parts of 
the offing, with about ten fathoms between them and the 
shore, and the depth of the sea one mile and a half seaward, 
is about 30 fathoms. The part above specified is engraved 
on a large scale ; and as in the charts on rather a smaller 
scale the same fringe of reef extends as far as lat. 33® 15'; 
I have coloured the whole of this part of the coast red 
The islands of Juan de Nova (in lat. 17“ S.) appear in the 
charts on a large scale to be fringed, but I have not been 
able to ascertain whether the reefs are of coral ; uncoloured. 
The main part of the west coast appears to be low, with 
outlying sandbanks, which, Lieut. Boteler (vol. ii. p. 106) 
says, “ are faced on the edge of deep water by a line of sharp- 
pointed coral-rocks.” Nevertheless I have not coloured 
this part, as I cannot make out by the charts that the coast 
itself is fringed. The headlands of Narrenda and Passandava 
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Hays (14* 40') and the islands in front of Pa Jama 
Jiiirhmr are re|'irescnleci in the plans as regularly fringed, 
aiifi liafe aa'ordingly been coloured red With respeert 
to llic East af M adiv^ixscar^ Dr. Allan informs me 
in a letter, lliat the whole line of coast, from 'ranmtavt^ In 
iH"' 12', to C Amher^ at the extreme northern point of the 
Inland, is bordered by corah reefs. The land is low, unowen, 
iinrl gradually rising from the coast From Capt. Owen^s 
charts, also, the existence of these reefs, whicli evidently 
hclmig to the fringing class, on some parts, namely, N* of 
pHJih Smmi and near of the al)ove line of coast 

might liave been inferred, laeut. IhCeler (voL i p» ISS) 
speaks of ** the rc?cf surrounding the island of St Marf$ at 
n small clisianre from tim sliore/* In a previous chapter I 
liave described, from the information of Dr. Allan, the 
manner in which the reefs extend in N.E. lines from the 
Iieadlands on this coast, tlniH somelitnes forming rather 
deep clKin«eIt4 within them; this seems caused by the 
action of the currents, and the reefs spring up from the 
iubmarine pmkmgMiom of tite sandy lieadland.s. The 
above Sfiecified portion of the coast is coloured red. The 
remaining H.E. porlions do not appear on any iiiiblished 
chart In possess reefs of any kind ; and the Rev. W. Ellis, 
mlumt means of information regarding this side of Mack* 
gascar have licen extensive, iftformii me he believes ihcra 
are ntirie. 


pari, ihi! coast appears, for a considerable space, •‘witlioitt 
reea My mlmimikm, I may here observe, is derived from 
the iisrvcy !iy Capt Owen, together with liis /Varmfm / 
and lliid by limit lloteler. At AfaMM/mlto M4 llirie 
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distance of a quarter of a mile from the shore, and has 
within it from six to ten feet water : this then is a fringing 
reef, and is coloured red. From Juha^ a little S. of the 
equator, t 6 Lamoo (in 2° 20' S.) ^‘the coast and islands are 
formed of madrepore (Owen's Narrative, vol. i. p. 363). 
The chart of this part (entitled Dundas Isldsi) presents an 
extraordinary appearance; the coast of the mainland is 
quite straight, and it is fronted at the average distance of 
two miles by exceedingly narrow, straight islets, fringed 
with reefs. Within the chain of islets, there are extensive 
tidal flats and muddy bays, into which many rivers enter; 
the depths of these spaces varies from one to four fathoms 
— the latter depth not being common, and about twelve 
feet the average. Outside -the chain of islets, the sea, at 
the distance of a mile, varies in depth from eight to fifteen 
fathoms. Lieut. Boteler (Nar,, vol i. p. 369) describes the 
muddy bay of Patta, which seems to resemble other parts 
of this coast, as fronted by small, narrow, level islets formed 
of decomposing coral, the margin of which is seldom of 
greater height than twelve feet, overhanging the rocky 
surface from which the islets rise. Knowing that the islets 
are formed of coral, it is, I think, scarcely possible to view 
the coast, and not at once conclude that we here see a 
fringing-reef, which has been upraised a few feet : the 
unusual depth of from two to four fathoms within some of 
these islets, is probably due to muddy rivers having pre- 
vented the growth of coral near the shore. There is, how- 
ever, one difficulty on this view, namely, that before the 
elevation took place, which converted the reef into a chain 
of islets, the water must apparently have been still deeper ; 
on the other hand it may be supposed that the formation of 
a nearly perfect barrier in front, of so large an extent of 
coast, would cause the currents (especially in front of the 
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rivers) to deepen their muddy beds. When ckscribing hx 
the chapter on fringing-reefs, those of iVIauritiiif?, I have 
given my reasons for believing that the ^iirial spaces 
within reefs of this kind, must, in iii«iny instances^ have 
been deepened How^cver this may l^e, as several parts of 
this line of coast are undoubtedly fringed hy living reefs, 
I have coloured it roih—Jlfa/eenda ($ 20^ B.). the 

plan of the harbour, the south headhuKl appears fririgca! *, 
and in Owen’s chart on a larger scale, the reels are seen tc 
extend nearly thirty miles southward; colon red red,— 
Momhas (4“* 5'S.). The island which forini llie liarljour, 
“is surrounded by clilTs of madrepore, ca|iahle of being 
rendered almost impregnable’’ (Owen’s Aw, vot i. p. 412)* 
The shore of the mainland, N. and S. ci' Ihc* harliriur, is 
most regularly fringed by a corahreef at a dislauct* ironibalf 
a mile to one mile and a quarter from the land ; %vittihi ilif 
reef the depth is from nine to fifteen feet ; oiitufcle llie rcvf 
the depth at rather less than half a mile is ihirly fathoms. 
From the charts it appears that a space aiwiut iWrtyvdx 
miles in length, is here fringed ; coloured 
(5" S,) is an isld, of corabfornialion, level, ami about 200 
feet in height (Owen’s Ahc, voL i. p. 415) ; It is 35 tiiilei 
long, and is separated from the mainland liy a (lccr|i ica. 
The outer coast is represented in the chart as regularly 
fringed; coloured red The mainland fit frotil of l\‘riiba 
is likewise fringed; but there also appear tof lie urinif oiiP 
lying reefs with deep water bet%veeii ihem mi the ilwre. 
I do not understand their structure, either ffoiii tke citwti 
or the description, therefore have not i'‘0ioiirvcl llicrii. ^ - 
Zanzibar resembles Pemba in most respects ; in »oullicrri 
half on the western side and the neigtihoiiriiig ialetn are 
fringed ; coloured red On the mtinlancii a little H, of 
^Zanaibar, there are some fcanki piaUd to flit* mdiidi 
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should have thoiigld had been formed of crural, fiat I it riol 
jen said (Boteler's jVaK^ voL iL p, 39) that lliey %v^‘re 

)inposed of sand ; not cokiured. - PMp;am^s Hank k ;i 

nail island, fringed l>y coral-reefs ; Init being only ten feci 
:gh, it has not been ccdotired .— m an island of ilm 
.me character as Pemba ; its outer shore is fringed, and 
5 southern extremity is connected with Keclwa Point on 
lc mainland by a chain of islands fringed by reefs; 
)loured red. The four last-mentioned islands rcseinlik 
, many respects some of tlie islands in the Red Sea, wliich 
ill presently be described.— In a plan of the 
lore, a space of 20 miles N. and S. of this place is fringed 
^ reefs, apparently of coral : tliese reefs are prolonged 
ill further southward in OweiPs general chart. 1 lie cemst 
L the plans of the rivers £mdf and (tf $(/ and 

3^* 7' S.) has the same structure ; coloured wd,^' Qumm/za 
:hnds(fxom 10® 40' to 13® S.). A chart on a large scale 
given of these islands; they are low, and of coral-fcirrtia* 
on (BotelePs Nm^ vol. il p. 54) ; and generally have 
Etensive reefs projecting from them wliich are dry at low 
ater, and whicfi on the outside rise abni|itly from a deep 
a : on their insides they are separated from the coniinenfc 
f a channel, or rather a succession of bay% with m% 
remgt depth of ten fathomi* The small headlandi 
1 the continent also have coral-banks attached to 
lem; and the Querimba islands and banks are placed 
1 the lines of prolongation of these headlands^ and am 
sparated from them by very shallow channels. It is 
ddent that whatever cause, whether the drifting of «cdii«viit 
: subterranean movements, produced the headlands, like- 
ise produced, as might have l^en expected, %uhmmhm 
rolongttions to ihcmi and these towardi their otitvr 
ctremfties, have- since afforded a favcwimble baiii for flu: 
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growth of coral-reefs, and subsequently for the formation of 
islets. As these reefs clearly belong to tlic fringing class, 
the Querimba islands have been coloured 
(13® 32' S.). In the plan of this harbour, the hcacjlancls 
outside arc fringed by reefs apparently of coral ; coloiircrl 
Mozambique (150'' S.). The outer part of the island 
on which the city is built, and the neighbouring islands, are 
fringed by coral-reefs ; coloured red. From the description 
given in Owen’s Nar. (vol. i- p. 162), the shore front 
Mozambique to Delagoa Bay appears to be low and sandy ; 
many of the shoals and islets off tin's line of coast are of 
coral-formation ; but from their small size and lowness, it is 
not possible, from the charts, to know whetlier they arc 
truly fringed. Hence this portion of coast is left iin- 
coloured, as are likewise those parts more northward, of 
which no mention has been made in tiie foregoing pages 
from the want of information. 

Persian Gur.F.— From the charts lately published on «t 
large scale by the East India Company, It appears lh«ti 
several parts, especially the southern sliores of Ihfi gulf, arc 
fringed by coral-reefs ; but as the water is very sliallofr, sncl 
as there are numerous sandbanks, which arc iMculi In 
distinguish on the chart from reefs, I have not coloured llie 
upper part red Towards the mouth, however, wlicire llif* 
water is rather deeper, the islands of Ormm and Larrmk 
appear so regularly fringed, that I liave colon red them reiL 
There are certainly no atolls in the Persian 11m 

shores of Immaurn^ and of the promontory foriiiing tin,! 
southern headland of the Persian Gulf, seem to be williciiii 
reefs. The whole S.W. part (eKCcpt one or two ^rnall 
patches) of Arabia Pe/ix^ and the shores of Samira^ ipimtr 
from- the charts and memoir of Capt. Haines 
fiMrmf. 1839, p. 125) to be without any reeft. I Ijelicvc 
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there are no extensive coral-reefs on any part of the coasts 
of India^ except on the low promontory of Madura (as 
already mentioned) in front of Ceylon. 

Red Sea. — My information is chiefly derived from the 
admirable charts published by the East India Company in 
1836, from personal communication with Capt. Moresby, 
one of the surveyors, and from the excellent memoir, 
tjher die Ndtur der Corallen-B'dnJien des Rothen Meeres^ 
by Ehrenberg. The plains immediately bordering the Red 
Sea seem chiefly to consist of a sedimentary formation of 
the newer tertiary period. The shore is, with the exception 
of a few parts, fringed by coral-reefs. The water is generally 
profoundly deep close to the shore ; but this fact, which 
has attracted the attention of most voyagers, seems to 
have no necessary connection with the presence of reefs ; 
for Capt. Moresby particularly observed to me, that, in 
lat 24® 10' on the eastern side, there is a piece of 
coast, with very deep water close to it, without any reefs, 
but not differing in other respects from the usual nature of 
the coast-line. The most remarkable feature in the Red Sea 
is the chain of submerged banks, reefs, and islands, lying 
some way from the shore, chiefly on the eastern side; the 
space within being deep enough to admit a safe navigation 
in small vessels. The banks are generally of an oval form,* 
and some miles in width; but some of them are very long in 
proportion to their width. Capt. Moresby informs me that 
any one, who had not made actual plans of them, would be 
apt tQ^think that they were much more elongated than they 
really are. Many of them rise to the surface, but the 
greater number lie from 5 to 30 fathoms beneath it, with 
irregular soundings on them. They consist of sand and 
living coral; coral on most of them, according to Capt 
Moresby, covering the greater part of their surface. They 
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cxierid parallel to tlio ^liore, and ihw^y art.* nt^l nuitvr^^nmilhj 
connected in their niidcllc parts try sliori iraii%Y r li;4iki 
with the mainland. Hie sea j.^iii-rahy profotiieily ui'e|i 
quite cloKC to them, as it is near pari-i i?! the 

of the mainland; hut thi.’i is not !inivt*rsa11y i!i-* raa\ fur 
between lat. island 17” the water df'r‘|i’ iis quite iinalii.illy 
from the banks, both cin the casiern and w'lr-.li'iii i 4 ioreq 
towanis the middle of the sea. Island:, in inaiiy parts ari-ai 
from these banks; they art* hnv, llaaopprib aire! loinda of 
the same horizontally .stratifictl foriiiaiion wiili lhai foirfiiiig 
the plain-likc margin of tlie mainland. Piiiinc of the 
and lower islands consist of mvn* !-arid. C!a|it. Mori'iiby 
informs me, that small masses of' rtadc, llie rrintiaiHn of 
islands, are left on many bank'i wbrre ihrfi:* h iiuw tin dry 
land Ehrcnberg also asserts Ibal iiio '4 nl llic isirfe, rfen 
the lowest, liavea fl.it abraded l#asirs of thcxmie 

tertiary "formation; he l>elieves llsat mmn im ifii iiirf 
wear.s down tlie protuberant |>art.?i of a laiik, ji 3 >i Iieaftlli 
the level of the sea, the surface lieci'iiiii's pa^.crfnl fioiii 
further abrasion by the growth of rroral, Pi-icl lie |}ii» 
accounts for the CKiitenice of so many banks ftlaiicliiig on a 
level with the surface of this sea. It ajipraf,s ihal iiio'd of 
tire islands are certainly decreasing In 
The form of-the banks and Islands h imr.i .ui4;nUf iii 
the part just referred to, tiainely, ficitii Ian 15" lo wlirfc 
the sea deepens quite gradually: llie gfonp, tm ilie 

western coast, is surrounded by an Iriifiraiic nf 

Mets and shoak; the main island is very lifegiilifly |fia|#c4 
and it includei a l^y seven miles bog* by four iii 

which no bottom was found with 25 j bit : llirir i > 
entrance into this Imy, half a mile wide* and wiili ;m riiiiid 
in front of it The iubmerged batiks rm ilic ra'tifiii 
within the same ktltudcj, round PanaM aic, 


APFENDIX, 


247 


penetrated by many narrow creckj? of deep water one ih 
twelve miles long, in the form of a hatchet, in which, c:!ose 
to its broad upper end, soundings were not struck with 360 
feet, and its entrance h only half a mile wide: in ancHher 
creek of the same nature, but even with a more irregular 
outline, tliere was no Ijottom witli 4K0 feet. Tire islarHl t^f 
Farsan, itself, has as singular a form as any of its surround- 
ing banks. The Ijoltoin of the sea roiiiul the Dhaktc and 
Farsan Islands consists chiefly of satid and agglutinated 
fragments, but, in the deep and narrow creeks, it consists of 
mud; the islands thetUHclves consist of thin, horii^otUally 
stratified, modern tertiary beds, containing but little liroken 
coral, 1 tlieir shores arc fringed by living corabreefs. 

From the account given by Ruppell’^ of the manner in 
which Dhalac lias Iieen rent by fissures, the opposite sides 
of which have been imef|iially elevated (in one instance to 
the amount of 50 feet), it seems proliafile that its irregular 
form, as well as probably that of Farsan, may have l>een 
partly caused by iinequal elevations; but, considering the 
general form of the Imiiks, and of the deep»water creeks, 
togetlier with the composition of the land, I think their 
configuration is more probably due in great part to strong 
currents having drifted sediment over an imeven boltoin : 
It is almost certain that llieir form cannot be attributed to 
the growth of coral Whatever may Itavc been the precise 
origin of the Dlialac and Farsan Archif^elagocs, the greater 
number of the banks on the eastern side of the Red Bea 
seem to^have origlnaiccl tfirougb nearly similar incanti. I 
judge of Ibis from their similarity in configuration (in proof 
of wliich I may fristaric:c a hank on the cast coast in lat* 22*"; 
and although it is true that the northern ban'ki generally 

EUppell, Msim im Ai^f Mi mmf, Itend I# i. 247. * m 24 §, 
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have a kss complicated oittliiie), frciiit llicir 
ill composition, as may be ol^iervccl in their upr, lifted 
portions The depth within the haiik-H iicinliivard uf hit 17*, 
is usually greater, and their miter sitlcii innft^ aliiii|)ily 

(circumstances which seem to go logrihirr) ileni in |||«* 
Dhalac and Farsan Archipelagoes | Imi ihm easily 

have been caused by a dihereiice in the aciitni nf i!if 
currents during their formation : inoreoi'cr, the grraki 
quantity of living coral, which, accririliiig to Ca|it Miiresliy, 
exists on the northern hanks, %¥oiiki Icnil In give lltcia 
steeper margins* 

From tills account, brief and iinperfcTt il we cifi 
see that the great chain of banks on the cmmii and 

on the western side in the southern poriiciiii differ greitly 
from true bairicr-reefs wholly foriiird by liie fr0w|}i of cwii 
It ii indeed the direct conclusion of Elirriilieig 
etc, pp. 4S and 51), that they are eorincriccl in llirir origir# 
quite secondarily with the growth of coral ; aiMi tir remtikf 
that the islands off the coast of Norway, if worn down km" 
with the sea, and mergly coaieil wiitt living rorat, wotikl 
present a nearly similar ap|iearaiice I eaiiiioh 
avoid suspecting, from informalioii given i«r by fir, 
Malcolmson and Capt Morcshyi iliai FlirctitK.‘ig 
rather under-rated the influence of rnraH hi pbr^t 
at least, on the formalioti of tlit ItrlLiry dcriifn^fi ll#f' 
Ecd Sea* 

TAe B%/ Cm%t 0f t/m Rid Rim hlmuM i4h nf amJ a*’, 
■—There are, in this spac^ rcefi wiiirli, if t Id**! 
nothing of those in other pint of tlic lied I 
mnhesitaitngly have contidered m recf’4 ; iifid, .tficr 

delitoalioii, I have come to the sanir fiuirbivM^it i#f 
these reefs, in to* t%% it twenty iitilei Iciiif, !««• ifiiii 1. .ftilk 
In width (but expndttig at the noititrii tfid ifilo a iiic| 
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slightly sinuous, and extending parallel to the mainland at 
the distance of five miles from it, with very deep water 
within ; in one spot soundings were not obtained with 205 
fathoms. Some leagues further south, there is another 
linear reef, very narrow, ten miles long, with other small 
portions of reef, north and south, almost connected with it ; 
and within this line of reefs (as well as outside) the water 
is profoundly deep. There are also some small linear and 
sickle-formed reefs, lying a little way out at sea. All these 
reefs are covered, as I am informed by Capt. Moresby, by 
living corals. Here, then, we have all the characters of 
reefs of the barrier class; and in some outlying reefs we 
have an approach to the structure of atolls. The source of 
my doubts about the classification of these reefs, arises 
from having observed in the Dhalac and Farsan groups 
the narrowness and straightness of several spits of ^and and 
rock: one of these spits in the Dlialac group is nearly 
fifteen miles long, only two broad, and it is bordered on 
each side with deep water ; so that, if worn down by the 
surf, and coated with living corals, it would form a reef 
nearly similar to those within the space under consideration. 
There is, also, in this space (lat ar*) a peninsula, bordered 
by cliffs, with its extremity worn down to the level of the 
sea, and its basis fringed with reefs : in the line of prolonga- 
tion of this pcniasiila, there lies the island of Macowa 
(formed, according to Capt Moresby, of the usual tertiary 
deposit), and some smaller islands, large parts of which 
lilce#ise appear to have been worn down, and are now 
coated with living cornk If tlie removal of tlio strata 
In these several cases had been mare complete, the reefs 
thus formed would have nearly resembled those barrkr- 
,like ones now under discusiion. Notwithstanding these 
facts, I cannot |>ersuade myself that the many very small, 


APPENDIX. 


isolatcti, and sickie-funjicd rccft* a ml oihv.f% nearly 

straight, and very narrow, with llin wait!!' iinlailp'inn’ihly 
deep close round them, could I'aj.^sibly have been b^rttiecl 
by corals merely coating banks c#f sediment, or ilu: 
surfaces of irregularly*shaped isl'inds. I fe«;l romfiitllril in 
believe that the foundations of thene reefs have siilisiilnf, 
and that the corals, during their upward growth, iiav«* given 
to these reefs their presciii forms: I may nniiark tlial llit* 
subsidence of narrow and irregularly-sltaiatl I'leii insulas iinil 
islands, such as those cxi^aing on the coasts c^f lire Med 
Sea, would aflbrd the requisite foiiiidaiiomi for the rrebi In 
question. 

T/ie Wesi Qktsi Jfvm ini. 22^ k* 24''. --I'liis |iait cif llic? 
coast (north of the space coloured blue on ilie k 

fronted by an irregularly shelving bank, from ahoiil lO' to 
30 fathoms deep; numerous little reeb, Mime of 
have the most singular nhapes, rise from iliis kii*k. It 
may be observed, respecting one of ihem, in lat 2,1’" io'» 
that if the promontory in lat, 24 were worn down 10 ihe 
level of the sea, and coaled with corals, a very sirnibir anti 
grotesquely formed reef would be prcKlticed Many uf ilit* 
reefs on this part of the coast may lliiw have nriginatrd ; 
but there are some sickle, and alino?ii aiolldorineil reef-t 
lying in deep water off the promontory in ki. *4^, 
lead me to suppose that all these reefs are tntire pr^it^alily 
allied to the barrier or atoll daises, I have noi, 
ventured to colour this portion of efiaib — 0/i //ic mti 
masi/mukt 19*/^ 17^ (south of ipacx* coloiircil IdCc on 
the map), there are many low i»let» of very fittiivfi- 
sion% not much dongated, and rking oiit al grol 
at a distance from the coast; these catwoi lie rl‘Ci?ircl 4 ith*t 
with atolls, or barrier or frlnging^reefs. I may iirrr iniiiiili 
tbit the outlying reefs on the wetl coail, iMitwcrn bit 
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and 24^ arc the only ones in the Red Sea, which approach 
in structure to the true atolls of the Indian and Pacific 
Oceans, but they present only imperfect miniature likenesses 
Df them. 

Easterti I have felt the greatest doubt about 

colouring any portion of this coast, north of the fringing- 
reefs round the Farsan Islands in 16® 10'. There are many 
small outlying coral-reefs along the whole line of coast; but 
as the greater number rise from banks not very deeply sub- 
merged (the formation of which has been shown to be only 
secondarily connected with the growth of coral), their origin 
may be due simply to the growth of knolls of corals, from an 
irregular foundation situated within a limited depth. But 
between lat iS® and 20®, there are so many linear, elliptic, 
and extremely small reefs, rising abruptly out of profound 
depths, that the same reasons, which led me to colour blue 
a portion of the west coast, have induced me to do the same 
in this part There exist some small outlying reefs rising 
from deep water, north of lat. 20® (the northern limit 
coloured blue), on the cast coast ; but as they are not very 
numerous and scarcely any of them linear, I have thought 
it right to leave them xmcoloured. 

In the southern parts of the Red Sea, considerable spaces 
of the mainland, and of some of the Dhalac islands, are 
skirted by reefs, which, as I am informed by Capt 
Moresby, are of living coral, and have all the characters of 
ibe fringing class. As in these latitudes, there are no out- 
lying llfcar or sickle-formed reefs, rising out of unfathom- 
able depths, I have coloured these [)arts of the coast 
red. On similar grounds, I have coloured red the 
mrikern parts of the western coast (north of lat. 24® 30'), 
atid likewise the shores of the chief part of the Gulf of 
Smm In the Gmif of Acaha^ as I am informed by Capt. 
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Morc;sljy, there arc no corahrccfii, and ihc waler m pm* 
founclly deep. 

West Indies.— M y infarmatioii rcpanling the reefs of 
this area, is derived from various source:;, ami from an 
examination of numerous clmris; e'-pecially of thmi* laldy 
executed during the survc‘y tinder Cnpt Owvn, M,N., I lay 
under particular obligation to Capl. Bird Alhoi, one 
of the members of tlic latu survey, fur many prrsrinal com- 
iiumications on this suljjecl. As in Ihe ra-e rjf ilie Red Set, 
It is necessary to make some preliminary rciiiarku on tlie 
submerged banks of the West lmlk% which are in scmic 
degree connected witir coralTcel^i, and oiisc considerable 
doubts in their classificatiom I1iat large acniiuiilaiicitii of 
sediment arc in progre^-^s on the Weal liidiari will 

evident to any one who examines llie charts of that set, 
especially of the portion north of a line joining Yuciiiaii 
and Florida. The area of depordlion lieirriis lets itiliffiaicly 
connected willi the deboucliemeni of ilse great rlveWi lliin 
with the course of the sca-eiirrenls ; m h itvitlcnl from the 
vast extension of tlie banks from ilie pfotnciniorics of 
Yiiciitan and Mosquito. 

Ilesides the coasidranks, there are many of tiimcfi* 

sions which stand quite isolated | Ihc^ rhr^c!/ rrseiiililfj 
each oilier; they lie from a or | to to m 30 fatliuiiit 
under water, and are composed of aiitli Hnmrimtm firinif 
igglutiiiated, with little or no c-ciril ; llieir ftiiffac*r^ $m 
smooth and nearly level, sliclving only to ilie ol a 

few fathoms, very gradually all round towanh llirif 
where they itliitige almiplly iittii llir tififiiilioffwlile •ft, 
Thii Sleep iiidltiation of their wliiili h 

characterislic of tlie coastdMuks, it vety fcinaflatile I tmj 
give as an initanct, the Miilcrtoit liitil, on ila rdj:#”;#4 
which the iomidiiigi chimgt i» t|o fMlimm ydimuiai 
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* distance, from it to 210 fathoms j off the northern point 
of the bank of Old Providence, in 200 fathoms horizontal 
distance, the change is from 19 to 152 fathoms; off the 
Great Bahama Bank, in iGo fatiioins horizontal distance, 
the inclination h in many places from 10 fathoms to no 
bottom with 190 fathoms. On coasts in all parts of the 
world, where sediment is accumulating, something of this 
kind may be oliscrved ; tlie hanks shelve very gently far out 
to sea, and then terminate a!)rut)tly. The form and com- 
position of the hanks standing in the middle parts of the 
W. Indian Sea, clearly show that their origin must be 
chiefly attributed to the accumulation of sediment ; and the 
only obvious explanation of their isolated position is the 
presence of a nucleus, round which the currents have 
collected fine drift matter. Any one who will compare th<j 
character of the bank surrounding the hilly island of Old 
Providence, with those banks in its neighbourhood whicli 
stand isolated, will scarcely doubt that they surround sub- 
merged moimtains. We are led to the same conclusion 
by examining the bank called Thunder Knoll, which is 
separated from the Great Mosquito Bank by a channel 
only seven miles wide, and 145 fathoms deep. There 
cannot be any doubt that the Ivlosquito Bank has been 
formed by the accumulation of sediment round the pro- 
montory of the same name ; and Thunder Knoll resembles 
the Mosquito Bank, In the state of its surface ' submerged 
twenty^ falhoini, In the inclinations of its sides, in com- 
position, and in every other respect I may observe, 
although the remark is here irrelevant, that geologists 
should \m cautious in concluding that all the outlyers of 
any formation have once been connected together, for we 
here see tlmt deposits, doubtless of exactly the same nature, 
may be deposilec! wiift large valleyJike spaces between them* 
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Linear strips of c, and reefs and siiiall knolls prf)jcf!l from 
many of lh.e isolated, as well as c oa:.|“lKiiiks ; Hiiiirliintii 
lliey occur quite irregularly fdaced, ns on llie .Mri,sc|iiiio 
Bank, but more gerii?rally they c'rt’srerifs on the 

windward side, situate<l some litile ilistiiicte wdlliiii tlie oiUir 
edge of tlie banks :-“-lluis on Ibe Serranilla ilank luiiii 
an interrupted eliain which ranges^ bclWio,:ii tw'o and ilirce 
miles within the windward margin :■ gereTally they occur, :tii 
on Roncador, Courtown, and Anegada iirarcr the 

line of deep*. water. Their ocajireiice llic wiiidwanl 
side is conformable to the general rule, of the tdikiciii 
kinds of corals floiirishing Iresi wlumt iiiosl frxficiscd ; but 
their position some way vvitliin tlie lint: of clrcfi m-atcr I 
cannot explain, without it he, that a depth laiiiicwisat lest 
than that close to tiic outer margin of tin* banks, hi iimi 
favourable to their growth. Wiiere the corals hsritied 
a nearly continuous rim, close in the wiridifaiil ralge uf a 
bank some fethoms submerged, the reef cloMdy rcj'iciiiliki 
an atoll; but if the baiik stirroiiiids an fdanti (»w in llie 
case of Old .Providence), die reef renembln an enriicliiig 
barrier-reef. I should undoubtedly fnt%c r, bused sniiiir id 
these fringed banks as imperfect or rrr|>i, 

if the sedimentary nature of iheir fciiiiidaliom had not 
been evident from the presence of ollirr iici;.:lilK4irinfl 
banks, of similar forms and of similar rofiipoviumi, liof 
without the crescentdike marginal rref: in tin* lliiiil 
chapter, I observed that probably reels 

did exist, which had originalcd in flic tnre 

iupposed. 

Proofs of elevation within recent leriiafy ptfbili ^ymm% 
as referred to in the sixth chapter, over iiraily llwr wtintit 
area of the West Indies, fltttce it k In 
the origin of the low land on the c«fl% wherr n'cinti^ffil 
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IS now acciirniilotin!^ ; for irintanco on the northern part 
of Yuentan, an«! on the N.E. part of Mosquito, where the 
land is low, and where extensive banks appear to ])e in 
progressive formation. Hence, also, the origin of the 
Great Bahama Banks, which are liordered on their w'-estern 
and southern edges by very narrow, long, singularly shaped 
islands, formed of sand, shells, and coral-rock, and some 
of them about a hundred feet in height, i.s easily explained 
by the elevation of tiaiiks fringed on tlicir windward (western 
and southern) sides by corahreefs. On this view, however, 
we must suppose either that the chief part of the surfaces 
of the great Bahama sandbanks were all originally deeply 
submerged, and were Ijrought up to their present level by 
the same elevatory action, which formed the linear islands , 
or that during the elevation of the banks, the superficial 
currents and swcdl of the waves continued 'wearing them 
down and kecqiing them at a nearly uniform level : the 
level is not quite unifc.^rni ; for, in proceeding from the 
N.W. end of the Bahama group towards the S.E. end, 
the deptli of the Imnks increases, and the area of land 
decreases,, in a very gradual and remarkable manner. The 
latter view, namely, llial these banks have been worn down 
by the currents siid swell during their elevation, seems to 
me the most probable one. It is, also, I believe, applicable 
to many banks, situated In widely distant parts of the West 
Jndian Sea., which are wholly submerged ; for, on any other 
view, wc must suppose, that the elevatory forces have acted 
with aftonishing oiiiforiiiily. 

The shores of the of Mexico, for the space of many 
hundred iniks,.is formed by a ciiain of lagoons, from one 
to twenty miles in breadth {CaiumMan Navigator, p. 17S, 
etc.) conliining cillicr fresh or salt water, and separated 
from the let by linear strips of sand. Great spaces of 
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the shores of Southern nwl of ilio UnitiMl Sliiiofi 

from Long Island (as obsrr^Td hy IVofcssor In 

Florida have tlie same character. Ihtifis-.or R« ger^t, in Id-i 
/vV/^7r/ ffj ///e Briiis/i Asmiaf/m (vol iii, p. i_|)^ f;pif iiliti » 
on tlie origin of these low, ^anrly, linear islro- ; he 
states that the layers of which llicy are foinpfr;**d 
homogeneous, and contain too large a prrqmflkm of 
shells, to permit the common siiiipo'diimi of liicir furiii.iiioii 
being simply due to matter thrown iifj, \vhcre it r lii'% 
by the surf: he considers these islands as iipheavrc! liaw 
or shoals, which were deposited in lines where opporifd 
currents met. It is evident that these islands and of 
sand parallel to the coast, and sepanitcd from it by ihallow 
lagoons, have no necessary caiincclbn with coral forma- 
tions. But in Southern Florhlaj from ilic; accoiinii I hate 
received from persons who have resickd there, the iiprai«il 
islands seem to be formed of strata, coiitaiiiing a goritl deal 
of coral, and they are extensively fringed liy livdng ri:cf*ij 
the channels wiilnn these islandi are in iome phtccn 
between two and three miles wide, and five or -’vix failioiiri 
deep, though generally^ they are lexi in dqiih tliaii wiclllt. 
After having seen how frequently barik^ of sediineiil: in tlie 
West Indian Sea are fringed by reef% we can readily itih* 
ceive that bars of sediment might be grraily aiilrd in ilirir 
formation along a line of coast, by the growllt of c:owl«| 
and such bars would, in lliai case, have a liccrpiiw 
resemblance with true Imrrier^reefi. 

* In lh« EdMmgk i%$l&$§pkM Jmrmi^ 

I Itave c!e’„crilied awngalaf \m nf lyiiiu ciwidhl t** i 

off Fernjtffiliiico In llratil, which prcihfthly ii in 

^ In the 0rclinary 8ea«ch»rl% no a|t|ir»f f»fi ifir r f 

florlila, iiiirtliof 26^5 imt Major Whiling /0mrmi^ 

XXXV, p, 54) mf% IhtI mmf are foriiiftl l#y %afpl ihriiwii tip ifcf^ 
wMe lint of coait from St. -Asptitee’i to liiifi# 
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Havitig now endeavoured to remrsve some sources of 
doubt in classifying the reefs of the West Indies, I will give 
my authorities for t'olouritig such jwrtifjiis of the coast as 1 
have thought myself warranted in doing. Capt Kird Allen 
informs me, that most of the islands on the Bahama Banks 
are fringed, especially on their windward sides, with living 
reefs; and hence I have coloured those, which arc thu.s repre- 
sented in Capt Owen’s laic chart, red. The same officer 
informs me, that the islands along the southern part of 
Florida arc similarly fringed; coloured red. — C uisa: Pro- 
ceeding along the northern coast, at the distance of forty miles 
from the extreme S.K. point, the shores arc fringed by reefs, 
which extend westward for a siiace of 160 miles, with only 
a few breaks. Parts of thc.se reefs arc represented in the 
plans of the harbours on tliis coast by Capt. Owen ; and 
an excellent description Is given of them by Mr. Taylor 
(I^udon’s Mag. of Nat. liisf., vol. ix. p. 449) ; he states 
that they enclosed a space called the “ kaxo,” fiom half to 
three-quarters of a mile in width, with a sandy Itottom, and 
a little coral. In most parts jteople can wade, at low water, 
to the reef ; but in some parts the depth is between two and 
three fathoms. Close outside the reef, the depth is between 
six and seven fathoms; these well-characterised fringing- 
reefs are coloured red, — Westward of long. 77* 30', on the 
northern side of Cuba, a great bank commences, which 
extends along the coast for nearly four degrees of longitude. 
In the place of its commencement, in its structure, and in 
the ^eajis,” or low islands on its edge, there is a marked 
correspondence (as observed by Humboldt, Pers. Nar., 
vol. vii. p. 8S) between it and the Great Bahama and 
Sal Banks, which lie directly in .front Hence one is 
led to attribute tl^e same origin to both these sets of' 
banks ; namely, the accumulation of sediment, conjoined 
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i with an elevatory movement, and the growtli of coral on 

I their outward edges; those parts which appear fringed 

! by living reefs are coloured red. Westward of these 

i banks, there is a portion of coast ai»parcnlly withmil reefs, 

i except in the harbours, the shores of which seem in llie 

! published plans to be fringed. —'fhe Cdonttio Shmis (see 

i Capt. Owen’s charts), and the low land at the west; rn end 

I of Cuba, corre.spond as closely in relative posilkni^ and 

! structure to the Iranks at the extreme point of Florida, as 

I the banks above described on tlic north side of Cuba do to 

I the Bahamas. The depth within the islets and reef* on the 

I outer edge of the Colorados, is generally between two and 

j three fathoms, increasing to twelve fathoms in the sonlhern 

! part, where the bank becomes nearly open, ^vithoul islft* or 

I coral-reefs; the portions width arc fringctl are erdoured 

i red. — ^The southern shore of Cuba is tleeply comave, and 

j the included space is filled up with mud and sandiwiik*, 

I low islands and coral-reefs. Between the mountahious hk 

' of Pines and the southern shore of Culxi, the general dtpjh 

* is only between two and three fathoms; and in tliis |«n 

small islands, formed of fragmentary rock and lirttken 
madrepores (Humboldt, Pers. Nar,^ vol. viL pp. 51, Hb to 
90, 291, 309, 320), rise abruptly, and just rcadi tin' '.nrfat i* 
of the sea. From some expressions used in the 
Navigator (vol. i. pt. ii. p. 94), it apircars that fonts! «l» r,dil‘‘ 
spaces along the outer coast of Southern Cuba .ire !»jtindtfd 
by cliffs of coral-rock, formet! probaldy liy the upheaval tu 
coral-reefs and sandbanks. TliC charts reprenebt the 
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banks and ‘®cays^' further eastward on the southern side of 
Cuba ; within them there is a large expanse, with a muddy 
bottom, from eight to twelve fathoms deep ; although some 
parts of this line of coast are represented in the general 
charts of the West Indies, as fringed, I have not tliought it 
prudent to colour them. The remaining portion of the 
south coast of Cuba appears to be without coral-reefs. 

Yucutan.— The N.Iv part of the promontory appears in 
Capt. Owen's charts to be fringed; coloured red. The 
eastern coast, from 20® to 18® is fringed. South of lat. iS®, 
there commences the most remarkable reef in the West 
Indies : it is about 130 miles in length, ranging in a N. and 
S. line, at an average distance of 15 miles from the coast 
The islets on it are all low, as I have been informed by 
Capt B. Allen; the water deepens suddenly on the outside 
of the reef, but not more abruptly than off many of the 
sedimentary banks: within its southern extremity (off 
Honduras) the depth is 25 fathoms; but in the more 
northern parts, the depth soon increases to 10 fathoms, and 
within the northernmost part, for a space of 20 miles, the 
depth is only from one to two fathoms. In most of these 
respects we have the characteristics of a barrier-reef; never- 
theless, from observing, first, that the channel within the 
reef is a continuation of a great irregular bay, which 
penetrates the mainland to the depth of 50 miles; and 
secondly, that considerable spaces of this barrier-like reef 
are described in the charts (for instance, in lat 16® 45^ and 
16® as formed of pure sand ; and thirdly, from knowing 
that sediment is accumulating in many parts of the West 
Indies In banks parallel to the shore ; I have not ventured 
to colour this reef as a barrier, without furthar evidence 
that it has really been formed by the growth of corals, and 
that it is not merely In parts a spit of sand, and in other 
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parts a worn-down promontory, partially coaled and fdiigcd 
by reefs : I lean, however, to the protaliilily of it i 
a barrier-reef, produced by suljsicleiice. ’f*o acid to my 
doubts, immediately on the outside of this barrierdilcc: reef* 
Turneffe, Lighthouse^ and Ghvet reefs arc situated* arid 
these reefs have ho coiii|>k*teiy the form of aloll.H, lhal if 
they had occurred in the Pacific, I fihcuild not have hrd- 
tated about colouring tlicm blue. Ihrmffe Reef sccrrii 
almost entirely filled up with low mud islets ; and the 
depth within tlie other two reefk is only imm one to three 
fathoms. From this circumstance and from iheir similarity 
in form, structure, and relative I'jositiaii, both In ilic bank 
called Northern Trianghs, on which there in ait i-* 4 et tjc* 
tween 70 and Bo fcel, and to Co^umt! Idami, level 
1 surface of which k likewise between 70 and 80 feel in 

I height, I consider it more probable that the three lort:||oiiig 

I banks are the worn-down bases of uplieaved slmah* fringnl 

? with corals, than that timy are true atolls, wholly priMJiieeil 

I by the growth of coral during subitdence ; left iincohiiircd. 

In front of the eastern Mo$t]uiio coast, there arc l^iwerti 
lat. 12"* and i// some cjctensive banks (already iiiriiliminh 
p. 253), with high islands rising from llieir reiilrr*; and 
tliere are other banks wltolly subrnergccl, hmk of wfiicli 
; kinds of banks are bordered, near Iheir windwartl iii, urging 

* by crescenksltaped corahrccfs» lint it cm lianlJy htr 

'■ doubted, as was observed in the preliminary wmarktii llal 

■ these banks owe Iheir origin, like itie great bank ettifiiilmg 

: ■ from the Mosquito promontory, almofit eniirtly lo tlie Mi if- 

; muktion of sediment, and not to the ginwllt til 

•j hence I have not coloured them, 

! Cayman /shmi: this island tppMfi in the cliari:i 1# te 

; . fringed; and Capt B, Allen iiilbriui me tltal tlit witfi 

' extend about t milt fwm tht shot#* tnti tiitt 
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5 to 12 feet water Williin them; coloured Jamaica : 
judging from the charts, about fifteen miles of the S.K 
extremity, and about twice that length on the S.W. ex- 
tremity, and some portions on the S, side near Kingston and 
Port Royal, are regularly fringed, and therefore are coloured 
red. From the plans of some harbours on tine N. side of 
Jamaica, parts of the coast appear to be fringed; but as 
these are not represented in the charts of llie whole island, 
I have not coloured them.— 5 /. Domingo : I have not been 
able to obtain sufficient information, either from plans of 
the harbours, or from genera! ciiarts, to enable me to 
colour any part of the coast, except 60 miles from Port 
de Plata westward, which seems very regularly fringed; 
many other parts, however, of the coast are probably 
fringed, especially towards the eastern end of the island. 
— JPuerio Mm: considemtde portions of the southern, 
western, and eastern coasts, and some parts of the 
northern coast, appear in the charts to be fringed ; 
coloured red. Some miles in length of the southern 
side of the Island of Si, Thmas is fringed ; most of 
the Virgm G^rda Islands, as 1 am informed by Mr. 
Schomburgk, are fririgccl ; the shores of Anegada, as well 
as the bank on which it stands, are likewise fringed ; these 
islands have been coloured red. The greater part of the 
southern side of Smia Crm appears in the Danish survey 
to be fringed (see also Prof, llovey^s account of this island, 
in Si 7 iimam*s JburMa/^ voL xxxv, p, 74) ; the reefs extend 
along fhe shore for a considerable S|?ace, and project rather 
more than a mile ; the depth within the reef is three 
fathoms ; coloured, red.— The Amii/MSf m remarked by Von 
.Buck Ji€$ CamHes^ p, 494), may be divided into 

two linear grouf>% the western row being volcanic, and the 
eastern of modem calttremis origin; my information is very 
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defective on the whole group* Of Iht* Pf;f% 

buda and the western coasts of Aniii^ua and 
appear to be fringed : this is ako ihe ram? villi IhtrihkXei^ 
as I have been informed by a rcsidefil ; idaiibi are 

coloured red On the shores of tlie Wi-iiern of 

volcanic origin, very few coral-reefs appr.ir in Hit; 

island of Afar/mf^ue, of which tliere are rKef4iUtl 

French charts, on a very large scale, alone firr-.eiifi any 
appearance wortliy of special notice. The 
southern, and eastern coasts, ttigellier forniliig iitioiti lialf 
the circumference of tire island, arc *ikirted fay very 
irregular banks, projecting generally iMihcr less tliaii a mile 
from the shore, and lying from two to five fallioiir-i %ulh 
merged. In front of almost every valley, lliry tirracticd 
by narrow, crooked, steep-sitkd |»aisafcs. Tint 
engineers ascertained by boring, that these ^viibniergcil iMfili 
consisted of madre|)oritic rocks, were covered In 

many parts by thin layers of tniid or mml From iltis fjct, 
and especially from the stnictiire of the iiarmw lirr#irtif I 
think there can be little doiilil lliai Iwtilt once 

formed living reefs, which ffinged the sliofcs of ilie 
and like other reefs probably reaclieil the stirbicr, ¥$mn 
some of these submerged Iranki reefs of living ctiial nm* 
abruptly, either in small dctacfwd }>aicli«, «#f pi hmn 
parnlld to, but some way wltliiti the outer itigri, < 4 ’ tin* 
banks on which they are based lltnitiri the iifKiie Imtkn 
which skfft the shores of the Island, there it nii flic r jArifi 
side a range of linear banki, iim.ilirly tomfifiilrth mtk% 
in length, eilending imrallel to llic emit litiri i^rp4f,tif'd 
from It by a space ^tween two mi four iiiilrn m width, »fi»l 
from five to fifteen fathoms in dqilk Ffoiii tliii rauge iif 
detached tanks, some Hneir rcefi of Mtiitg rwa! IilrwiVf^ 
ri» atanpily j Md if ih^ htd taea of pciler if iff It (Ifii 
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they do not front more than a sixth part of the circumference 
of the island), they would necessarily from their position 
have been coloured as harrier-reefs ; as the case stands they 
are left nncolonred. I suspect that after a small amount of 
subsidence, the corals were killed by sand and mud being 
deposited on them, and the reefs being thus prevented from 
growing upwards, the banks of madreporitic rock were left 
in their present submerged condition. 

The Bermuda Islands have been carefully described 
by Lieut. Nelson, in an excellent Memoir in the GeoL 
Tramactions (vol w. part i. p. 103). In the form of the 
bank or reef, on one side of which the islands stand, there 
is a close general resemblance to an atoll ; but in the 
following respects there is a considerable difference, — first, 
in the margin of the reef not forming (as I have been 
informed by Mr. Chaffers, R.N.) a flat, solid surface, laid 
bare at low water, and regularly bounding the internal 
space of shallow water or lagoon ; secondly, in the border 
of gradually shoaling water, nearly a mile and a half in 
width, which surrounds the entire outside of the reef (as is 
laid down in Capt. Hurd’s chart) ; and thirdly, in the size, 
height, and extraordinary form of the islands, which present 
little resemblance to the long, narrow, simple islets, seldom 
exceeding half a mile in breadth, which surmount the 
annular reefs of almost all the atolls in the Indian and 
Pacific Oceans. Moreover, there are evident proofs 
(Nelson, p. ri8), that islands similar to the existing 
one^ formerly extended over other parts of the reef. It 
would, I believe, be difficult to find a true atoll with land 
exceeding thirty feet in height; whereas, Mr. Nelson 
estimates the highest point of the Bermuda Islands to be 
26a feet ; if, however, Mr, Nelson^s view, that the whole 
of the land consists of sand drifted by the winds, and 
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agglutinated together, were proved correct, llii^ diflV^rcirc 
would be imomtcrial; Ijiit, from hi^i own artoiiiii (p. 
there occur in one place, five or u% layrrH uf red i-arili, 
interstratified with the ordinary calorcoir 4 fork, him! 
including stones too heavy for the wiimI to Imvc liiovcil, 
without having at the same time titlcrly c!i; 4 |R’rHcil rvrry 
grair! of the accompanying drifted iicitier* Kthoii 

attributes the origin of these several kycr% with iliL-ir 
embedded stones, to as many violeni cita-^lropheH ; liiii 
further investigation in such cases lias gencrjlly fairci'crJiMl 
in explaining phenomena of this kind fiy ordinary aitd 
simpler means. Finally, I may remark, lhai llicw 
have a considerable resemblance in iha|ie in liirliir^la 111 
the West Indies, and to Pemba on the e^iHlcrti mmt of 
Africa, which latter island is about 200 feel in lidglii, ami 
consists of coral-rocL 1 l>elieve that ilie lleriniiilii blanil'i, 
from being fringed by living reefs, ought m liave liccii 
coloured red; but I have left them imccilcMiretl, on .acrotiiil 
of their general resemblance in exleimt form 10 a lagotjrr 
island or atoll. 
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On Certain Areas of Elevation and Subsidence in 
THE Pacific and Indian Oceans, as deduced from 
THE Study of Coral Formations.— A Paper read 
before the Geological Society on May 31st, 1837, by 
Charles Darwin, F.G.S, 

(Ahfractj reprinted from the Proceedings 'vol iupp. 552-554.) 

The author commenced by observing on some of the most 
remarkable points in the structure of lagoon islands. He then 
proceeded to show that the lamelliform corals, the only efficient 
agents in forming a reef, do not grow at any great depths ; and 
that beyond twelve fathoms the bottom generally consists of 
calcareous sand, or of masses of dead coral rock. As long as 
lagoon islands were considered the only difficulty to be solved, 
the belief that corals constructed their habitations (or speaking 
more correctly, their skeletons) on the crests of submarine 
craters, was both plausible and very ingenious ; although the 
immense size, sinuous outline, and great number, must have 
startled any one who adopted this theory. Mr. Darwin remarked 
that a class of reefs which he calls encircling” are quite, if not 
more, extraordinary. These form a ring round mountainous 
islands, at the distance of two and three miles from the shore ; 
rising on the outside from a profoundly deep ocean, and 
separated from the land by a channel, frequently about 200 and 
sometimes 30a feet deep. This structure as observed by Balbi 
resembles a lagoon, or an atoll, surrounding another island. 
In this case it is Impossible, on account of the nature of the 
central mass, to consider the reef as based on an external 
crater, or on any accumulation of sediment ; for such reefs 
encircle the submarine prolongation of islands, as well as the 
islands themselves. Of this case New Caledonia presents an 
extraordinary instanc®, the double line of reef attending 140 
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miles beyond the islaml Again the harfif?r«iffcf, fur 

nearly looomilei paralkJ to the N?»rili‘K.r4 of A\i 
and including a wide and deep mm of llvC hiiim a ihifd 
class, and is the granck^^i and iiioit cMlrapnlinary » oral 
tion in the workL The reef itself in the llirre rLr« itmnrhniu 
barrier and lagoon, is most closely niifiilar ; the ilifl'rrf'riiiT 
entirely lying in the aMcnce or |irei.ciice of nr lantf, 

and the relative position which the tcr.h hr.nt m it, llie 
author particohiriy points out one difficiilly in iindri’ilaiidiint 
the structure in the barrier and tncircliiig namely, 

that the reef extends lo far from the slinrc, ilia! a lirii: 
drawn perpendictilaily from ill inner edge down in tlie 
solid rock on which the rref must be based, very far excttci* 
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one of the encircling order, and this finally, by the disappear- 
ance through the agency of the same movement of the central 
land, into a lagoon island. In the former manner a reef skirting 
a shore would be changed into a barrier extending parallel to, 
but at same distance from, the mainland. 

Mr. Darwin then showed that there existed every inter- 
mediate form between a simple well -characterised encircling 
reef, and a lagoon island \ that New Caledonia supplied a link 
between encircling and barrier reefs ; that the different reefs 
produced by the same order of movement were always in juxta- 
position, of which the Australian barrier associated with 
encircled islets and true lagoons, affords a good example. He 
then proceeded to show that within the lagoon of Keeling 
Island, proofs of subsidence might be deduced from many 
falling trees and a ruined storehouse ; these movements appear- 
ing to take place at the period of bad earthquakes, which 
likewise affect Sumatra, 600 miles distant. It was thence 
inferred as probable, that as Sumatra rises (of which proofs are 
well known to exist), the other end of the level sinks down ; 
Keeling Island thus acting as an index of the movement of the 
bottom of the Indian Ocean. Again at Vanikoro, where the 
structure indicates, according to the theory, recent subsidence, 
violent earthquakes are known lately to have occurred. 

The author then removed an apparent objection to the 
theory, namely, that subsidence would form a disc of coral, but 
not a c«p*shaped mafs or lagoon, by showing that corals which 
grow In tranquil water arc very different from those on the out- 
side, and less effective ; and that as the basin became shallower 
they are subject to various causes of injury. The lagoon never- 
thelew is constantly filling up to the height of lowest water 
spriniyildt^ (the utmost possible limit of living coral), and in 
that slate It long remains, for no means exist to complete the 
work Mr. Darwin then proceeded to the main object of the 
paper, In showing that .as continental elevations act over wide 
areas, so might w© iuppose continental subsidences would do, 
and In conformity to ihese views, that the Pacific and Indian seas 
could be divided into syrometncal areas of the two kinds ; the 
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one .^inking, as deducefi fmm ike |ne^-»c«rc ftf enfiriling an 
tKirrier-rcefii, and liigntm inland-, ;hp;I llie either rii^ing, ji» kuti& 
frnm iiplified shrill an«l r.nralH, and r.kis liiig rrcfit. lln* 
of lagoon iilaiiik in cerlftin %vitlo iraciSj histli m in liciili ll 
West and E;i*it Indieii, Hcd Hea, cic*, wa?i tliiB explainer 
for proofi of recent ekvaiion an: ihrre itliiiiidaiiL In a hi 
manner, in very many casoi where hUmih air only i%il 

reefs, which according to the ibeory iiatl noi liren !iith%i4?ii| 


that, excepting on the ilicory of the coiifigiiraiion of reefs l^rin 
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